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Errata : Section on HYDROGEOLOGY (pp . 31-34) was inadvertently typ ed twice. 
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INTRODUCTION 
On May 1 ,  19 7 7 ,  the Illinois S tate Geological Survey , acting for 
the Board of Trustees of the University of Illinois in cooperation with the 
Bureau of Mines of the U . S .  Department of the Interior , began to investigate 
the geoiogy , hydrogeology , and engineering geology of three areas in south-
wes tern Illinois in which surface subsidence above abandoned coal mines has 
caused property damage . These areas were s elected by the Bureau as poss ible 
s ites for demonstration proj ects in stabilizing the land surface by pneu-
mat ic inj ection of material into abandoned underground coal mine s . Two s ites , 
Canterbury Manor and the 70th S treet area , are in Belleville in S t .  Clair 
County ( fig.  1) . A third proj ect area is in Maryville in Madison County 
( fig . 1) . This report complies with a contract agreement to supply the Bureau 
with an annual report summarizing the progres s  of work . 
Mine subsidence has been blamed for structural damage ever s ince 
coal mining was begun in the region . County reports by Quade for the Federal 
Land Bank of S t . Louis in 1934 included mapping of areas of subsidenc e .  Re-
ports of damage to schools , park facilitie s , churches , commercial buildings , 
and residences have continued to cause problems for members of the community . 
Steven D .  Babcock of Southern Illinois University , Edwardsville (19 73) , has 
describ ed some wel l-documented occurrences . Additional problem areas are 
documented in the letter and newspaper files of Thomas 0 .  Glover , Liaison 
Of ficer of the Bureau of Mines (19 76) , and in the Research Report and 
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Recommendations for the House Executive Subcommittee on Mine Subsidence (19 7 6) . 
The Illinois State Geological Survey has examined the problem since 1916 , 
when Cooperative Coal Mining Series Bulletin 17 , Surface Subsidence in IZZinois, 
was pub lished . In recent years , efforts have been direc ted toward c ooperating 
with Southwestern Illinois Metropolitan and Regional Planning Commiss ion 
( SWIMPC) to offer residents of the region informat ion on geological constraints 
for some land uses . The mined-out coal areas and areas of unstable soils , 
which may present significant cons traints for some types of land use , are 
examined in Jacobs (19 71) , SWIMPC (19 75-76) , and Development Policies in 
Background Data (19 77 ) . 
Belleville ( fi g .  2 )  and Maryville ( fig . 3) were selected by the 
Bureau b ecause of the interest of residents , the his tory of surface subsidence 
problems , and the availability of material for backfill . Res idents have 
assis.ted in preliminary inves tigations by monitoring cracks , photographing 
damage , reporting water and gas leaks , and permitting borings to be made and 
instruments to be instal led on their property . Participation by residents. 
in discussions of property damage has contributed to an understanding of the 
scope of the surface subsidence problem in the proj ect areas . 
Preliminary diamond drill cores , auger , and split spoon samples 
were collected during 19 7 7. Cores and samples from these borings have been 
p laced in Survey temporary storage and wil l  b e  kept on file for two years . 
Photographs and logs of the cores , laboratory information , and monitoring 
records have also been filed. 
Preparations for b ackf illing began in January 19 78. The contractor 
for the Bureau of Mines provided large drilling rigs capable of boring 6- and 
8-inch holes into the mine opening ( fig . 4) . Currently , 40 to 60 holes are 
being drilled at the Canterbury Manor site in Belleville and at the Maryville 
site . A summary of the results of this drilling is  included in Appendix A .  
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Figure 2. Proposed backfill areas in Belleville, IlU.nois 
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Figure 3. Proposed backfill area in Maryville, Illinois 
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F igure 4 .  Mountain Eng ineer ing and Construct ion Company drilling oper­
at ions for backf i l l ing holes in Bellev il l e .  
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GEOLOGY 
Geologic informat ion for the Canterbury Manor , 70th S treet , and 
Maryville projec t  areas is derived principally from recent on-site inves t iga­
tions conducted by the Bureau of Mines and the Illinois S tate Geological 
Survey . The Bureau of Mines has comp leted a preliminary test drilling program 
in which three diamond drill cores were taken from each of the three project 
areas ( f igs . 5 ,  6,  and 7 ) . Each boring penetrated to below the depth of the 
Herrin (No . 6) Coal or to below the depth of the void where the coal had been 
mine d .  Continuous cores of bedrock materials from each boring were logged in 
the field by Survey personnel . Logs included description of lithologies ;  
notation o f  fracture frequency and color ; and , beginning with the Maryville 
core , Rock Quality Designation (RQD) . Selected s egments of core were wrapped 
for laboratory determinat ion of natural moisture c·ontent . At the Survey , 
each core was described in detail and measured for Shore hardness . 
The Bureau ' s  preliminary test drilling program determined that be­
neath Canterbury Manor and Maryville there are partially closed coal mine voids ; 
however ,  the voids encountered in two borings in the 70th S treet area of 
Belleville were fully open . General depth information from the Bureau ' s  core 
drilling program is summarized in table 1 .  The table also includes the thick­
nesses of bedrock lithologies measured above the coal or mine void in each 
boring . 
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Table 1. Summary o f  drilling information from Bureau of Mines preliminary test boring program. 
Proj ect Area 
Canterbury Manor 70th S treet 
Belleville, I llinois Belleville, I llinois Maryville, I llinois 
JMA-1 JMA-2 JMA-3 JMA-4 JMA-5 JMA-6 RII-1 RII-2 RII-3 
Boring 
Depth of surface casing ( f t )  7 9.0 7 7  .0 79.5 5 4.0 54.0 39.0 1 11.0 112.0 108 . 5  
Dep th t o  top 
of coal or void ( f t )  144.5 146.6 149.7 1 76.5 1 7 7  .o 160.5 210.25 218.1 221.0 
Thickness/height 6.5 2.0 7.35 7.0 10.0 5.5 3.5 1.3 3.0 
of coal or void ( f t )  void void coal void void coal void void void 
Total depth ( f t )  163.0 169.5 161.0 199.0 195.0 1 7 0.5 225.5 239.5 238.0 
Bedrock lithologies 
above coal or void ( f t )  
Clays tone 23.5 19.6 22.2 1 8.8 13.2 14.1 22.7 30.7 21.0 
Shale 10.9 10 . 3  15.1 40.7 42.3 41.3 54.4 5 7 . 4  67.0 
Sandstone 0.0 0.0 0.6 32.0 35.2 27.0 0.0 o.o 0.0 
Siltstone 1.3 8.0 2.7 0.8 18.9 6.8 12.4 4.6 3.4 
Limestone 29.7 . 28. 3 29.5 30.3 12.4 30.8 10.0 14.3 18.8 
Coal 0.2 0.2 0.2 0.1 0.2 0.2 0.0 o.o 0.0 
Total thickness of rock core 
above coal or void 65.6 6 6.4 70.3 122.7 122.2 120.2 9 9.5 107.0 ll0.2 
J-1 N 
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T o  investigate the surficial geologic materials not sampled in the 
Bureau's initial test borings , the Illinois S tate Geological Survey has drilled 
a stratigraphic control boring to the depth of bedrock (40 to 60 feet [12 to 
8 m]) , in both the Canterbury Manor and 70th Street areas and in two such 
borings (approximately 90 feet [27 m] deep) in the larger Maryville area . 
The borings were sampled continuously with split-barrel samplers , and selected 
samples were saved for laboratory determination of natural moisture content 
and grain size and clay-mineral composition . In the field , samples were logged , 
standard pene tration values recorded , and shear strengths measured . Where 
possible , deep stratigraphic control ho les were located near the Bureau's 
diamond drill borings , providing a nearly continuous sampling record f rom 
ground surface to below mine depth . The Survey drilled 14 additional borings 
30 to 40 feet ( 9  to 12 m) deep to determine continuity of near-surface units 
in the three proj ect areas . 
THE CANTERBURY MANOR AND 70th STREET PROJECT AREAS 
Stratigraphy of the Surficial Materials 
The term "surficial materials ," as used here , refers to the loose 
or partially consolidated Tertiary and Quaternary deposits that overlie con­
solidated bedrock .  In the Canterbury Manor and 70th S treet areas , these 
surficial materials consist mainly of four types : (1) glacial till (unsorted , 
unstratified , ice-deposited sediment ) ,  ( 2) loess (wind-deposited silt) , (3)  
alluvium (stream-deposited silt and silty clay) , and (4) residuum (clayey 
material produced by weathering of bedrock) . These materials were deposited 
intermittently during the Tertiary and Quaternary Periods of geologic time , 
probably during the past one and a half to two million years . During periods 
when deposition ceased , materials exposed at ground surface were physically 
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and chemically altered by weathering processes . The resulting paleosols 
(weathered zones) have physical properties that may differ significant ly from 
their parent materials . 
The total thickness of surf icial materials above bedrock iri Canter­
bury Manor is about 60 feet (18 m) . In the 70th S treet area , a maximum thick­
ness of 40 feet (12 . 3  m) was measured . The strat igraphy of surf icial materials 
in the two proj ect areas , as determined from Survey borings , is shown in 
figures 8 and 9 .  The strat igraphy o f  the surficial materials at the two Belle­
ville sites is similar . The uppermost unit in both areas is the Peoria Loess , 
a late Wisconsinan loess . The Peoria is composed predominantly of silt de­
rived from the Mississippi Valley to the west and transported and deposited 
by the wind . The Peoria is commonly yellow brown to light gray brown and 
lacks any visible bedding or vert ical variat ion in grain siz e . The average 
grain-size composition of the Peoria Loess at Canterbury Manor is 1 percent 
sand , 80 percent silt , and 19 percent clay . The Peoria covers the uplands 
east of the Mississippi Valley and is almost continuous across the two 
Belleville proj ect sites . The Peoria is about 12 feet ( 3 . 6  m) thick in 
Canterbury and 13 feet ( 3 . 9  m) thick in the 70th Street area . I t  may have 
been partially removed in areas of stream erosion . 
The upper 3 to 6 feet (0 . 9  to 1 . 8 m) o f  the Peoria contains the 
Modern Soil , a product of subaerial weathering since cessation of loess depo­
sition . In most p laces at the two proj ect sites, the Modern Soil is partially 
buried by fill material or truncated by earth-moving operations performed 
during preparation of sites for home construction. Where undisturbed ,  the 
Modern Soil has a light-colored silty surf ace (A horizon) containing some 
organic matter and ranging in thickness to about 15 inches ( 41 cm) . The 
A horizon is underlain by a clay-rich zone (B horizon) , which may extend to 
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Figure 8 .  Stratigraphy o f  surficial and bedrock materials in the Can­
terbury Manor area of Bellevill e ,  Illinois. 
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Beneath the Peoria Loess is the Roxana Silt ( figs . 8 and 9 ) . The 
Roxana is an early Wisconsinan loess that is similar to the Peoria , from which 
it is distinguished primarily by its color�reddish brown to reddish gray 
brown . It is commonly about the same thickness as the Peoria Loess . In the 
Canterbury Manor area , the Roxana has an average grain-size composition of 
3 percent sand , 74 percent silt , and 23 percent clay . 
The Roxana Silt overlies the Glasford Formation , which is predominantly 
Illinoian glacial till but includes accretionary sed iments ( the Berry Clay 
Member) that accumulated on the surface of the till during the Sangamonian 
( interglacial) S tage . The glacial till o f  the Glasford Formation in south� 
western Illinois was deposited by glaciers that entered northeastern Illinois 
and traversed the state to a terminus west of Belleville in the S t. Louis area . 
This glacial t ill contains an unsorted mixture of debris that was deposited 
as the glacial ice melted . The till , which is commonly 15 to 20 feet ( 4 . 6  
to 6 . 1  m) thick , contains an average of about 5 percent gravel (>2 mm) and has 
an average matrix texture of 23 percent sand , 5 3  percent silt , and 24 percent 
clay . Unweathered till is gray and weathers to yellow brown . 
A strongly weathered paleosol , the Sangamon Soil , occurs in the 
upper 3 to 6 feet ( 0 . 9  to 1.8 m) of the Glasford Formation . The Sangamon is 
formed either in accretionary deposits (Berry C lay Member) , which accilmulated 
in depressional areas on the postglacial landscape , or in the upper part of 
the t ill . The Sangamon Soil in the Berry Clay is siltier and contains less 
gravel and sand than the paleosol developed in till . The average grain-size 
composition of the Berry Clay Member is 7 percent sand , 63 percent sil t , and 
30 percent clay . The Berry Clay contains a high percentage o f  expandable 
clay minerals . The dominant clay mineral in the unweathered glacial till is 
illite . 
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Beneath the Glasford Formation in the Canterbury Manor area is a 
.thin (1 . 4  feet [ . 4  m]) unweathered proglacial silt , the Petersburg Silt . The 
Petersburg was deposi ted early during the Illinoian S tage and was subsequently 
overridden by the advancing I llinoian glacier . I t  contains lacustrine (lake­
deposited) silts and possibly some loess . Though not encountered in the test 
boring program for this study , sand and gravel outwash sediments somet imes 
occur in the position of the Petersburg Silt . 
At Canterbury Manor , the Petersburg Silt overlies 14 . 5  feet (4 . 4  m) 
of silty alluvial deposits of unknown age . These sediments average 3 percent 
sand , 64 percent silt , and 33 percent c lay . Their cont inuity across the area 
cannot be determined from availab le information . Where alluvial sediments 
occur , they are stratified but contain no beds of sand or gravel . These 
sediments are absent in the 70th Street area . 
Beneath the alluvial sediments at Canterbury Manor and beneath the 
Glasford Formation at 70th S treet is a thin (2 . 5  feet [ 0 . 7 5 m]) residual soil 
developed .in the upper portion of the Pennsylvanian bedrock . The residuum 
is a clayey (average texture�20 percent sand , 41 percent silt , 39  percent 
clay) product of intense preglacial weathering . The residuum has a high 
illite content similar to the bedrock from which it was derived . 
S tratigraphy of the Bedrock Material 
Bedrock strata encountered in the test borings in the two Belleville 
area sites are of Pennsylvanian age and belong to the Modesto and Carbondale 
Formations in the McLeansboro and Kewanee Groups , respectively . The Pennsyl­
vanian strata encountered in the Belleville area sites are shown in figures 
8 and 9 .  At the Belleville sites , the Modesto Formation includes strata from 
19 
the top o f  the Trivoli Sandstone downward to the top of the Danville (No . 7 )  
Coal . The remaining thickness of bedrock from the top of the Danvil le (No . 7 )  
Coal t o  the bottom o f  the deepest core i s  within the Carbondale Formation.  
The Trivoli Sandstone Member , the uppermost bedrock unit in  the 70th 
S treet area , is brown to gray-brown , fine-grained , porous , micaceous , and 
finely laminated to massive sandstone that ranges from 23 to 29 feet ( 7 . 0  to 
8 . 8  m) thick. The Trivoli contains zones with abundant plant debris and 
carbonaceous, coarsely micaceous partings . The Trivoli Sandstone is not 
present at Canterbury Manor , and the Modesto Formation is truncated to below 
the strat igraphic posit ion of the Trivoli . 
Beneath the Trivol i  Sandstone in the 70th S treet area is a thick 
(35 feet [10 . 6  m]) gray to dark gray , well bedded , hard shale with numerous 
calcareous zones . This shale appears to be the uppermost bedrock unit in the 
Canterbury Manor area , where it is about 25 feet ( 7 . 6  m) thick . 
The thin Rock Branch Coal immediately underlies the thick shale I 
unit and ranges in thickness from . 10 to . 22 feet ( 3  to 7 cm) . It is present 
in all six borings in the two Belleville area sites and serves as a strati-
graphic marker .  
Beneath the Rock Branch Coal is a claystone and nodular limestone 
unit that ranges from 15 to 25 feet ( 4 . 6  to 7 . 6  m) thick . I t  is a variegated 
to gray or greenish-gray , firm claystone with some light gray nodular l ime-
stone and olive-gray shale beds . 
The P iasa Limestone beneath the claystone unit is the basal member 
of the Modesto Format ion and directly overlies the thin and discontinuous 
Danville (No . 7 )  Coal . The Piasa Limestone is f ine graine d ,  l ight gray , and 
hard and commonly contains coarse fossil debris , mainly brachiopods and 
crinoids . 
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Beneath the Piasa Limestone , or beneath the Danville (No . 7) Coal 
where it is present , is a claystone and shale unit that maintains a relatively 
constant thickness of 6 to 8 feet ( 1 . 8 to 2.4 m) in the Belleville proj ect 
areas . The unit consists o f  variegated and gray soft claystone and greenish­
gray to gray , soft , poorly bedded , fossiliferous shale . 
The Bankston Fork Limestone Member of the Carbondale Formation 
underlies the claystone and shale unit . The Bankston Fork is light gray , 
fine grained , argillaceous , sil ty , and thick bedded and is int erbedded with 
thin shale and siltstone beds . The Bankston Fork is variable in thickness 
in the Belleville area sit es and ranges from 3 . 2  feet ( 1  m) to 20 fee� (6 m) 
th.ick . 
Beneath the Bankston Fork Limestone and above the Herrin (No . 6) 
Coal are variable thicknesses of siltstone , Conant Limestone , Brereton Lime­
stone , and Anna Shale . The Conant Limestone was found in only one boring , 
JMA-3 in Canterbury Manor ( fig. 8) , where it is gray , mot tled , fine grained ,  
massive , and silty and contains scat tered large brachiopod shells . The 
Brereton Limestone is variable in thickness and occurs in all but one boring 
in the Belleville area sites. The Brereton is a gray , fine-grained , silty 
limestone with dark shaly zones containing abundant coarse crinoid and shell 
debris . In borings where the Herrin (No . 6) Coal was penetrated , the Anna 
Shale is 1 to 2 . 7 feet ( . 3  to . 8  m) thick and immediately overlies the coal . 
The Anna is a black , hard , fissile shale with dark phosphatic lenses and 
fine pyritic and calcareous shell debris . In borings that penetrated the 
mine void , Anna Shale debris was usually encountered on the floor of the mine . 
The Herrin (No . 6) Coal was encountered in two of the six borings 
in the Belleville area sites . In boring JMA-6 ( fig .  9) , the Herrin (No . 6) 
Coal was 5 . 5  feet ( 1. 7 m) thick , and in JMA-3 ( fig . 7 ) ,  7 . 35 feet ( 2 . 2 m) thick . 
Beneath the Herrin (No. 6) Coal or the mine void , variable thick­
ness es of claystone (underclay) and Higginsville Limestone were encountered , 
as shown in figures 8 and 9 .  The claystone is greenish gray , soft , mot tled, 
and poorly bedded and is sometimes replaced in part by hard , silty , bedded 
shale. The Higginsville Limes tone is light gray , silty , and nodular to 
fairly pure , mas sive limestone. 
MARYVILLE PROJECT AREA 
Stratigraphy of the Surficial Materials 
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The total thicknes s  of surficial materials in the Maryville proj ect 
area sometimes exceeds 90 feet (27.4 m) and is greater than the thicknes s es 
in the Belleville proj ect areas. Detailed knowledge of the surficial materials 
comes principally from two deep stratigraphic borings by the Illinois S tate 
Geological Survey that offset Bureau of Mines diamond drill holes RII-1 and 
RII-3 ( fig. 1 0 ) .  
The upper part o f  the section a t  Maryville is similar t o  the two 
Belleville proj ect areas. Both the Peoria Loess and Roxana Silt are present 
in the Maryville s ection and are somewhat thicker than in Belleville. On 
s table upland surfaces , the Peoria Loess is 1 5  to 1 6  feet ( 4.6 to 4.9 m) 
thick and the Roxana , 1 4  to 15 feet (4.3 to 4.6 m) . Both loesses in Maryville 
have lithologie s  like those in the Canterbury Manor and 70th Street areas. 
The Roxana Silt overlies the Sangamon Soil developed in glacial 
till of the Glasford Formation. This till is tentatively correlated with the 
till present in the Belleville area and has properties similar to that unit. 
It is approximately 25 feet ( 7 .6 m) thick , gray , and oxidizes to yellow brown. 
The Sangamon Soil in the top of the till is 3 to 6 feet ( 0 . 9  to 1.8 m) thick, 
clay-rich , and leached of carbonate minerals. 
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Figure 10.  S tratigraphy of surf icial and bedrock materials in the pro­
j ec t  area at Maryville , Illinois. 
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Beneath the Glasford Formation is a second glacial till, which has 
a s trongly developed paleosol in its upper part and is placed in the Kansan­
age Banner Formation . Till of the Banner Formation is mineralogically similar 
to the overlying Glas ford but contains numerous large inclusions of material 
that is not till . The Banner Formation may contain seemingly intact biocks 
of bedrock as much as 1 to 2 feet (0.3 to 0.6 m) thick , and the lower portion 
of the Banner contains large inclusions of the underlying material. The 
Banner Formation is not present in the Belleville area . 
Beneath the Banner Formation at Maryville is a thick ( 8  to 1 7  feet 
[2.5 to 5.25 m] ) silt that has a s trongly developed red paleosol in its upper 
part . This unit can not be correlated with any named formation, but it is 
interpreted as a loess and is t exturally and mineralogically similar to the 
Peoria Loess and Roxana Silt . 
Beneath the loess unit is a s trongly developed residual soil in the 
upper part of the Pennsylvanian bedrock . The residuum is approximately 1 to 
2 feet (0.3 to 0.6 m) thick , very clayey , and contains abundant iron-manganese 
concretions . 
S tratigraphy o f  the Bedrock Material 
Diamond drill holes in the Maryville proj ect area penetrated 
approximately 1 30 feet (39.6 m) of Pennsylvanian bedrock above the mine void 
and as much as 20 feet (6.1 m) .below the void ( fig . 10) . The Pennsylvanian 
s trata in Maryville are similar to thos e  in the Belleville area . The upper 
75 to 100 feet (23 to 30 m) of the section contains a thick sequence of shale , 
claystone , and siltstone units with a thin coal�probably the Rock Branch 
Coal�approximately 60 feet ( 1 8.3 m) below the top of rock . This thick, fine­
grained section overlies the Piasa Limestone and is equivalent to similar 
materials below the Trivoli Sandstone and above the Piasa Limestone in the 
70th S treet area and to materials above the Piasa Limes tone in Canterbury 
Manor . 
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The Piasa Limes tone ranges from 4 . 2  to 4 . 85 feet ( 1 . 3  to 1 . 5  m) 
thick and is somewhat thinner in Maryville than in the Belleville area . Be­
neath the Piasa is a claystone and shale unit 8 to 10 feet ( 2 . 4  to 3 m) thick 
that rests on a thin but continuous Bankston Fork Limestone . 
Beneath the Bankston Fork and above the mine void are a claystone 
and the Brereton Limes tone. Together they maintain a thicknes s  of approxi­
mately 1 3  feet (4 m) ; the thickness of each unit varies . In boring RII-1 
( fig .  10) , the claystone and limestone thicknesses are 1 0 . 6  feet ( 3 . 2  m) and 
3 . 25 feet (1 m) , respectively , but in boring RII-3 the thicknesses are 0 . 7 
feet ( 0 . 2  m) and 1 2 . 6  feet (3 . 8  m) . 
Beneath the mine voids , the diamond drill borings encountered thin 
debris zone s  on the mine floor . These z ones contained coal fragments and 
angular pieces of Anna Shale and Brereton Limestone . Beneath the debris is 
a poorly recovered section of clays tone (underclay) similar to that penetrated 
in the Belleville area.  Because no limestone beneath the mine voids at Mary­
ville was recovered , the underclays in the Maryville may be thicker than those 
in the Belleville area.  
HYDROGEOLOGY 
Procedures 
Information about the hydrogeology of the three areas was obtained 
by observation during test borings , by examination of s amples from cores , and 
by measurement of water level by a series of piezometers set at different 
depths in each project area . Of the three test borings made to the depth o f  
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the coal seam , the borings in which voids were encountered provided informa-. 
tion on water conditions in the mines. Selected samples of the diamond drill 
core were sealed in plastic bags for characterization of natural mois ture 
contents . The samples were returned to the laboratory , weighed , oven dried , 
and weighed again to determine the mois ture content. 
Piezometers were installed as shown in figure 1 1 .  Firs t  a boring 
was drilled to a predetermined dep th. Slots were then cut in the lower foot 
of small-diameter plastic pipe (� inch) , and the lower end was plugged or 
capped. Lengths of pipe were j oined together until the slotted end of the 
pipe rested on the bottom of the hole. A premeasured quantity of pea gravel 
or sand was used to backfill the hole to cover the slotted section of pipe. 
An equal quantity of dry bentonite was added to s eal the pipe in the hole. 
Finally , the hole was backfilled to within a short distance of the surface. 
The installation was protected at the surface by enclosing the small pipe with 
a s econd plas tic pipe and cap. A vent hole was drilled in the outer pipe to 
prevent pressure from building up as the water levels fluctuated. To measure 
water levels , a voltmeter , battery , and measuring cable were connected to 
indicate contact at the level of the water. The accuracy of the piezometer 
reading is about ±1 centimeter. 
A piezometer was installed below the mine using a similar technique , 
except that the inner plastic pipe was grouted in position. The grout will 
be drilled out and the boring extended to expose a fresh bedrock sequence. 
If water does not rise in the pipe to measure the pressure of the water in 
the bedrock horizon , plans are to ins tall a packer (plug) and to use a trans­
ducer to measure pressures. 
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Figure 11 . Piezometer . 
Results 
Water level measurements in shallow piezometers have been taken 
over a period of time long enough to allow observation of seasonal changes 
in ground-water levels and flow patterns . Records have been kept for 
three years for six piezometers in the Maryville proj ect area and for ten 
months for the remaining thirteen pie zometers in the three proj ect areas 
(Appendix D) . Study of ground-water conditions in the proj ect areas was 
undertaken to characterize the pre-backfilling conditions to determine 
whether ground-water conditions contribute t o  instability of soil materials 
and whether the backfilling operation had any effect on ground water . 
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Average annual precipitation in the proj ect areas is about 38 inches . 
April, May, and June are peak rainfall periods averaging in excess of 4 inches 
monthly . Monthly precipitation amounts decrease gradually through the summer 
and autumn months, reaching a minimum of about 2 inches in January. 
The Survey's program of ground-wat er monitoring has recorded 
s easonal water level fluctuations that generally parallel seasonal precipi­
tation trends ( figs . 1 2  and 1 3 ) . Highes t  ground-water levels occur during 
the spring and early summer, and lowes t  levels generally occur in late 
autumn or winter . The maximum vertical range in water level measured in proj ­
ect area piezometers was a 1 0- foot (3 m) range in piezometer MVlO in Maryville . 
However, annual range in water level in the proj ect areas is more commonly 
4 to 8 feet ( 1 . 2  to 2 . 4  m) . 
Shallow piezometers set in the Peoria Loess and Roxana Silt in the 
Maryville Proj ect Area indicate that the ground-water flow pat tern .in the 
loess is a shallow local recharge and discharge system . The landscape in 
Maryville is a s tream-dissected, loess-covered till plain . Surface drainage 
divides are local areas of ground-water recharge ( downward gradient s ) ,  and 
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stream valleys are local discharge areas (upward gradients) . Piezometers 
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MVlA and MVlB ( fig . 1 2) are located atop a drainage divide in the nor theast 
part of the Maryville area . Piezome ter MVlA measures water pressures at a 
dep th of 1 4 . 0  feet ( 4 . 3  m) , and MVlB measures pressures at 26 . 5  feet ( 8 . 1  m) . 
Through mos t  of the year , water levels in MVlA ( shallow) are higher than 
those in MVlB ( deep) . This pat tern indicates a downward gradient and ground­
water recharge . Piezometers MV4 and MV5 ( fig . 1 3 )  are located on slopes 
adj acent to a pond in the center of the Maryville area . Piezometer MV4 is 
finished at a depth of 1 3 . 25 feet (4 . 0  m) and MV5 is finished at 20 . 0  feet 
( 6 . 1  m) . The shallow piezomet er (MV4) through mos t  o f  the year has a lower 
water level than the deep one (MV5 ) , indicating an upward flow path and ground­
water discharge into the pond . 
Piezometer ins tallations in the Canterbury Manor and 70th S treet 
areas show normal seasonal fluctuations of water level . The number o f  
piezometers in each area is inadequate t o  characterize the local flow sys tem ,  
but that system is probably similar t o  the flow system in Maryville . 
High ground-water levels and especially upward gradients on ground­
water flow paths may contribute to low s trengths measured in loessial materials 
in the proj ect areas . However , no direct evidence is available to determine 
whether reduced s trengths caused by saturation and upward gradients have had 
any substantial influence on the stability of residential structures. 
Water level measurements made before and after the initiation of 
drilling of inj ection boreholes in Canterbury Manor and Maryville show no 
impact of drilling on ground-water levels . 
Deep ground-water conditions in and around the mine openings can 
only at present be inf erred from data ob tained during the drilling o f  diamond 
drill exploratory holes and inj ection boreholes . Consis tent los s  of cir�ulation 
and escape of methane-containing gas when voids were encountered indicate that 
the mine voids contain some atmosphere . However , these observations do not 
eliminate the possibility that the voids might contain some water . 
HYDROGEOLOGY 
Procedures 
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Information about the hydrogeology of the three areas was obtained by 
observation during test boring s ,  by examination of samples from cores , and by 
measurement of water level by a series o f  piezometers set at different depths in 
each proj ec t area . Of the three test borings made to the depth o f  the coal s eam, 
the borings in which voids were encountered provided informa tion on water condi­
tions in the mines . S elected samples of the diamond drill core were sealed in 
plas tic bags for characterization of natural moisture contents .  The samples were 
returned to the laboratory , weighed , oven dried , and weighed again to determine 
the moisture content . 
Piezometers were installed as shown in figure 1 1 .  Fir s t  a boring was 
drilled to a predetermined depth . Slots were then cut in the lower foot of small­
diarneter plas tic pipe (� inch) , and the lower end was plugged or capped . Lengths� 
of pipe were joined together until the slotted end of the pipe rested on the 
bot tom of the hole . A premeasured quantity of pea gravel or sand was used to 
backfill the hole to cover the slo tted section of pip e .  An equal q�antity of dry 
bentonite was added to seal the pipe in the hole . Finally , the hole was back­
filled to within a short distance o f  the surface . The installation was pro tec ted 
at the surface by enclosing the small pipe with a second plastic pipe and cap . 
A vent hole was drilled in the outer pipe to prevent pressure from building up 
as the water levels fluctuated. To mea sure water levels , a voltmeter , battery , 
and measuring cable were connec ted to indicate contact at the level of the water . 
The accuracy of the piezometer reading is about ±1 centimeter . 
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A piezometer was install ed below the mine using a similar technique,  
except that the inner plastic pipe was grouted in pos ition. The grout will b e  
drilled out and the boring extended t o  expose a fresh bedrock s equence. If 
water does not rise in the pipe to measure the pressure of the wat er in the bed­
rock horizon, plans are to install a packer ( plug ) and to use a transducer to 
measure pressures. 
Results 
Water level measurements in shallow piezometers have been taken over a 
period of time long enough to .allow ob servation of seasonal changes in ground­
water levels and flow pat terns. Records have been kept for three years for s ix 
piezometers in the Maryville proj ect area and for ten months for the remaining 
thirteen piezometers in the three proj ect areas (Appendix D). S tudy of ground­
water conditions in the projec t  areas was under taken to charac terize the pre­
backf illing conditions to determine whether ground-water conditions contr ibute 
to ins tability of soil ma terials and whe ther the backf illing operation had any 
effect on ground water . 
Average annual prec ipitation in the proj ect areas is about 38 inches . 
April , May , and June are peak rainfall periods averaging in excess of 4 inches 
monthly. Monthly prec ip itation amount s decrease gradually through the summer 
and autumn months , reaching a minimum of about 2 inches in January. 
The Survey's program of ground-water monitoring has recorded seasonal 
water level fluc tuat ions that generally parallel seasonal prec ipitation trends 
( f igs. 12 and 13). Highest ground-wa ter levels occur during the spring and 
early summer ,  and lowest levels generally occur in late autumn or winter. The 
maximum vertical range in wa ter level measured in project area piezometers wa s 
a 10- foot ( 3  m) range in piezometer MVlO in Maryville. However ,  annual range in 
wa ter level in the proj ect areas is more commonly 4 to 8 feet ( 1.2 to 2 . 4  m). 
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Sha llow piezometers set in the Peoria Loess and Roxana S ilt in the 
Maryville Proj ect Area ind icate that the ground-water flow pattern in the loess 
is a shallow local recharge and discharge system .  The landscape in Maryvill e  
is a stream-d issected , loess-covered till plain . Surface drainage divides are 
local areas of ground-water recharge (downward gradients) , and stream valleys 
are local discharge areas (upward grad ient s) . P iezometers MVlA and MVlB ( f ig .  
12)  are located atop a dra inage d ivide in the nor theast part o f  the Maryville 
area . Piezome ter MVlA measures water pressures at a depth of 14 . 0  feet ( 4 . 3  m) , 
and MVlB measures pressures at 2 6 . 5  feet ( 8 . 1  m) . Through mo st of the year , 
water levels in MVlA ( shallow) are higher than those in MVlB (deep ) . This pat­
tern indicates a downward grad ient and ground-water recharge . P iezometers MV4 
and MV5 ( fig . 13) are located on slopes adj acent to a pond in the center of the 
Maryville area . P iezometer MV4 is f inished a t  a dep th of 13 . 25 f eet (4 . 0  m) 
and MV5 is finished at 20. 0 f eet ( 6 . 1 m) . The shallow piezometer (MV4) through 
mos t  of the year ha s a lower water level than the deep one (MV5 ) ,  indicating an 
upward flow path and ground-water discharge into the pond . 
Piezometer ins tallat ions in the Cant erbury Manor and 7 0th S treet areas 
show normal seasonal f luc tuat ions of water level . The number of piezometers in 
each area i s  inadequate to charac terize the local f low system ,  but that system 
is probably similar to ' the f low system in Maryville . 
High ground-water levels and espec ially upward grad ients on ground­
water flow paths may contr ibute to low strengths measured in loessial materials 
in the proj ect area s .  However , no d irect evidenc e is available t o  determine 
whether reduced strengths caused by sa turation and upward gradients have had 
any sub stantial inf luence on the stab ility of resident ial struc tures . 
Water level measurement s made before and af ter the initiation of d irll­
ing of inj ec tion boreholes in Cant erbury Manor and Maryville show no impac t of 
drilling on ground-water levels . 
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Deep ground-water conditions in and around the mine openings can only 
at present be inferred from data obtained during the drilling of diamond drill 
exploratory holes and inj ection boreholes . Consistent loss of circulation and 
excape of methane-containing gas when void s  were encountered indicate that the 
mine voids contain some atmosphere . However , these observations do no t elimi­
na te the possibility that the void s  might contain some wa ter. 
ENGINEERING GEOLOGY 
The geology of the three areas presents natural constraints for con­
s truc tion. The strengths of the mine roo fs and pillars in the three proj ec t 
areas determined the percentage of coal that could be safely mined from beneath 
the areas. Changes in these s tr ength relationships may cause roof fall , f loor 
squeeze ,  or pillar· collapse .  Since the mines are now abandoned , several pro­
cesses may affect the mines and thus change the s tability of the mined-out areas. 
For example , an area may become stronger because of the filling of cracks by 
deposits , as occurs in natural caves , or an area may become less stable because 
of chemical changes resul ting from a reaction of air or water with exposed rock. 
A failure in the mines may result in a sag at the surface or within a short dis� 
tanc e above the mine opening may bridge and stabilize incompetent mat erial. The 
charac teristics and extent of failed rock may be direc tly affected by geology of 
the beds over a mined-out area . A rock sequence of relatively high strength , 
such as limes tone , tends to break at a high angle toward the surface and affects 
small areas , whereas low- strength materials , such as claystone , tend to break at 
a low angle and affect a surface area that is larger than the failure area of the 
mine . Knowledge of the sequence of materials above the mined-out area is there­
fore essential to an understanding of subsidence pat terns ob served at the sur fac e .  
A thick layer o f  wind-blown silt (Peoria Loess and Roxana Silt) covers 
the proj ect areas .  A unique characteris tic o f  w�ll-drained loess is it s ability 
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to  stand in near-vertical slopes , even though the silts within it have only small 
amounts of clay or other binding ma terial. Lo ess is particularly sensitive to 
changes of wa ter and weathering . An increase in moisture content results in a 
decrease in strength . Alteration of clays can result in a dramatic change in 
physical properties (White ,  1968 ) . Nearby steep youthful valleys are prone to 
slump as a normal part of the ero sion pa ttern.  Away from the well-drained s t eep 
valley slopes , at a depth of a few feet , the loess unit s commonly exhibit very 
low strengths . 
Results of physical testing o f  cores and samples ,  the field ins trumenta­
tion program , characterization of damage to residential s tructures , and a des­
cription of the backfill materials are provided to answer questions from the 
Bureau engineers pertaining to the design and evaluation of each site . For 
example , what would be the effect of water on the clays tones below the mine pil­
lar s?  The Survey is rec eptive to any suggestions or questions that pertain to 
the engineering geology program. 
Physical Properties of Surficial Materials · 
The test borings described earlier in this report were also used to 
obtain information about physical proper tie s .  The results of tests o n  surficial 
materials are shown in tables 2 ,  3 ,  and 4 .  
The moisture content was determined using s tandard t echniques describ ed 
by the American Society for Testing Materials (ASTM D221 6- 7 1) . In s elec ted 
borings , a field vane shear test was mad e  while the boring advanc ed to determine 
the in-place s trength of the materials .  This test conformed to ASTM standard 
test 2273- 7 2 .  Comparison tests for strength were made o n  split�barrel samples 
using a calibrated field penetrometer . The penetration rate of a standard split­
barrel sample tube is a r ecord of the number of blows from a 140-lb hammer per 
foo t of advance .  Blow count records are also an index o f  the strength o f  mate­
rials . A combina tion of these properties along with a determination o f  the 
Tab l e  2 .  Physical prope r t i e s  o f  sur f i c ia l  ma t e r ia l s  f rom Survey t e s t  bor ings in 
Cant erbury Manor , Bel levil l e , I l l ino i s  
Rock- Mo i s ture content ( % ) a Shear s t ren__g_th ( t s f ) b S tandard penetra t ion ( bp f )
c 
S t rat igraphic 
nd uni t  mean range mean n range mean n range 
Peoria Loe s s  2 5 . 3  20 1 5 . 2- 3 1 .  7 1 . 1  1 8  o .  5- >4 . 5 10 10 5-20 
Roxana S i l t 2 3 . 9  2 .5 2 0 . 8- 2 6 . 9 1 . 1  3 1  0 . 2 5- 2 . 2 5 1 0  1 7  4- 1 9  
Gla sford 
Berry 
Clay M. 1 9 . 7  9 1 6 . 0- 2 2 . 4  1 .  9 9 1 .  0- 3 .  2 5  1 3  6 1 0- 1 6  
Forma t i on 
Unnamed 
Ti l l  M .  1 6 . 4 1 9  1 3 . 6- 2 3 . 4  ]. 7 1 9  0. 2 5- 2 . 8 0 24 1 3  9-50 
Pet ersburg S i l t  1 5 . 6  1 - >4 . 5  1 - 3 5  1 -
En ion Forma t ion 18 . 3  7 1 5 . 6- 2 0 . 6 2 . 9 7 2 . 2 5-4 . 50 3 6  5 2 6- 52 
Residuum 1 3 . 8 1 - > 4 . 5  1 - 63 1 -
---- -· - --- - -----·-
3i tandard mo is ture con t en t  (ASTM 0 2 2 1 6- 7 1 )  
t s f  = kg/cm2 x . 98 )  hstandard f i e l d  vane shear t e s t  ( ASTM D2 5 7 3- 72 ) ( To n s  per square foo t �  
c bpf = b l ows per f oot . 
dn i s  the number o f  t es t  resu l t s  u sed t o  compu t e  the mean . 
Average gra in s i z e  ( % )  
sand s i l t c l a y  
2mm- 6 2 µ  62-2µ  < 2 µ  
··--- --
0 . 9  8 0 . 0 1 9 . 1  
2 . 6  7 4 . 0  2 3 . 4  
7 . 4  6 :2 . 9  2 9 . 7  
2 2 . 6  5 3 . 2 24 . 2  
0 . 5  84 . 0  1 5 . 5  
2 . 5  64 . 6  33 . 1 
1 9 . 7  4 1 . 6 38 . 7  
w "' 
Tabl e  3 .  Phys ical proper t ie s  o f  surfic ial ma t e r ials f rom Survey t e s t  bor ings in 
the 7 0 t h  S t r eet area , Bellev i l l e ,  I l l inois 
Roc k­
S t rat igraphic 
unit 
Mo i s ture conten t  ( % ) a S hear s t r ength ( t s f ) b Sta�dard p enetra t ion ( bp f ) c 
Peoria Loess 
Roxana S i l t  
Gla s ford 
Forma t ion 
Res iduum 
Berry 
Clay M. 
Unnamed 
Till M. 
mean 
2 5 . 6  
2 6 . 1 
24 . 4  
1 7 . 0  
1 8 . 3  
nd range 
5 2 3 . 8- 2 7 . 0 
8 2 2 . 5- 28 . 3  
2 24 . 2- 24 . 6  
7 1 1 .  8- 2 0 .  9 
3 1 6 . 9- 1 9 . 8  
mean n range mean n 
1 .  5 5 1 . 1- 2 . 7 5 8 4 
1 .  2 8 0 . 6- 2 . 80 6 5 
2 . 0  2 1 .  5 5-2 . 4 0  8 1 
2 . 1  7 0 . 2 5-4 . 4 0 9 4 
3 . 3  3 3 . 2 5- 3 . 50 2 3  2 
as tandard mo i s ture conten t  (ASTM D2216- 7 1 )  
bs tandard f ield vane shear t e s t  (ASTM 2 5 7 3- 7 2 )  (Tons p er square f oo t ,  t s f  = kg/cm2 x . 98 )  
c bpf = blows per f oo t � 
dn is the number o f  t e s t  resu l t s  used to c ompute the mean 
range 
6-9 
5-7 
5-17 
1 9-2 6 
Average gra in s i z e  ( % )  
sand s i l t  c lay 
2mm- 62µ 62- 2 µ  < 2µ 
0 . 5 84 . 6  1 4 . 9  
1 .  5 8 1 . 1  1 7 . 4  
1 4 . 7  5 8 . 7 2 6 . 6  
3 0 . 0 4 7 . 3  2 2 . 7  
3 . 8  67 . 4  2 8 . 8  
--- ---
w -...J 
Rock-
S t ra t igraphic 
uni t 
Tab l e  4 .  Physical propert i e s  of sur f i c i al ma t er i ;:i ] s  f rom Survey t e s t  h o r i ngs i n  
Maryv i l l e ,  I l l i n o i s  
Moi s ture c on t ent ( % ) a 
mean . nd range 
Shear s t r ength ( t sf ) b  
mean n range 
St;:ind�r_i._pene t ra t ioE_ ___ ( bp f )  c 
mean n range 
Average gra i ���z e....JJfl 
sand s i l t  c l ay 
2mm- 62µ 62-2µ < 2 µ  
··--- -
---
--------------- ----- ·---�-- · -
-
-----
-
----
-
---
-
·- -
·
-· ----
-
-
-
Peoria Loess 2 5 . 3  3 9  1 8 .  1- 3 1 .  7 
Roxana S i l t  2 3 . 9 40 1 6 . 6- 3 0 . 5 
Gla s ford Forma t ion 1 6 . 5 2 8  1 1 .  8-2 3 .  6 
Banner Forma t ion 1 7 . 4  2 2  1 2 .  9 - 2 1 . 8  
Enion Forma t ion 2 0 . 6 1 4  1 7 . 7- 2 5 . 3  
Re s iduum 20. 2 3 1 8  . .5- 2 1 . 9  
as t andard mo i s ture content (AST!>! D 2 2 1 6- 7 1 )  
bs tandard f i e ld vane shear t e s t  (ASTM n 2 5 7 3- 7 2 )  
cb p f  = b lows per foo t .  
dn i s  the number o f  t e s t  resu l t s  u sea t o  comput e 
l .  1 1 1  0 . 1- 2 . 1  8 
o. f) 1 .5  0 .  1- 1 .  2 5 6 
1 .  7 2 3  0 . 8- > 4 .  5 1 3  
3 . 6  2 0  1 . 5- >4 . 5  24 
2 . 7  1 3  1 .  4- 3 .  7 5 24 
2 . 9  2 2 . .5-3 . 2  1 00 
(Tons per square foo t , t sf = kg/cm 
t h e  mean . 
7 4- 1 5 0. 7 86 . 4  1 2 . 9 
6 4- 7 2 . 0  8 1 .  2 1 6 . 8 
9 5-2.') 34 . 2  3 7 . 0  28 . 8  
7 13-42  1 8 . 3  4 'i . 1 3 6 . 6 
4 1 ] - 52 l. 5 66 . 9  3 1 . fi 
1 - NO DATA 
------ ------
2 x . 9 8 )  
w 00 
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grain- s iz e  distribution ( tab les 2 ,  3, and 4) are used to characterize and explain 
the behavior of different geologic formations. 
The Pleistocene surficial unit s at the three sites were found to be 
similar. Each site shows a signif icant diff erence between the upper and lower 
units. The upper unit s are predominantly silt and unconsolidated material.  This 
type of ma terial is very susc eptib le to fluc tuations in the water table. During 
dry periods ,  shrinkage cracks appear in the surfac e and extend to the zone of 
saturation. As previously mentioned , saturated zones have low s trengths and 
tend to be uns table . The lower units generally have more clay and are more con­
solidated than the upper units . For example,  the Petersburg Silt has a composi� 
tion similar to the upp er loess but exhibits lower moisture contents and higher 
strengths . The lower permeability of these units causes wat er to partially perch 
in the upper loess units. Lower units are suf ficiently plas tic to maintain a 
partial seal above the bedrock even when the bedrock is frac tured by mine sub si­
dence . Our analyses of the charac ter of these surfic ial unit s led to the d esign 
of the settlement probes and the piezome ter installation s .  
Physical Propertie s of Bedrock Materials 
Beginning with the field logging of core at Maryville , an index of 
s trength of bedrock cores is shown by the Rock Quality Designation (RQD) method . 
RQD is defined as the percentage of core recovered in unbroken lengths greater 
than 4 inches as the core is recovered in the field. The classification is in 
part affec ted by the care of the operator and the tendency for laminat ed cores 
to separate in the core barrel. An estimate of the RQD of the Canterbury cores 
was made in the laboratory to compare field RQD and laboratory RQD . An index of 
hardnes s  of the core was determined using a Shore-hardnes s  testing instrument . 
Tests were performed on each lithologic uni t ,  as shown in table 5 ,  to determine 
an average index of hardness as well as the index range . 
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Table 5 .  Summary of strength proper ties of bedrock cores . 
Natural Fractures Laboratory Shore Hardness 
Thicknes s  Dep th Angle of dip RQD Index 
Lithology (ft)  ( f t )  (0)  (%)  Range (mean) 
Canterbury Manor 
JMA Ill 
Shale- 9-14 (12) 
Coal- 2 6 . 1  none <10 30-47 (36)  
Claystone 10-18 ( 14)  
Limes tone (Piasa) 5 . 2  107 . 0  60 >90 50-63 ( 58) 
Clays tone 6 . 8  111 . 0 7 0  10 10-1 6 (12) 
112 . 0  40 
115 . 0  30  
Limestone 
(Bankston Fork) 1 4 . 5 none >90 56- 7 9  ( 68) 
Silt stone 0 . 8 none 10 14-21 (19) 
' 
Limestone 7 . 6  133 . 0 8 0  > 90 38- 56 ( 4 7 )  
Limes tone 
( Conant and 
Brereton) 4 . 5  144 . 0  60 60 30-41 (35)  
., 
Mine void 6 . 5 
Clays tone 11 . 4  none <10 5-10 ( 7 )  
Canterbury Manor 
JMA // 2 
Shale- 1 2-16 (14) 
Coal- 2 3 . 4 none <10 
Clays tone 9-48 ( 14) 
Limes tone (Piasa) 7 . 9  none >90 47-65 ( 54) 
Clays tone 6 . 7 112 . 0 45 <10 5-18 (10) 
Limestone 
(Bankston Fork) 26 . 8  none >90 23.:..43 (36)  
Silt stone- none <10 12-21 (12) 
Limes tone none >90 3 6- 5 6  (47 ) 
Silts tone none 30 19-41 ( 28) 
(2 Voids of 6" each @ 141 ' and 142 ' ) 
41 
Table 5 .  Continued. 
Natural Fractures Laboratory Shor e Hardness 
Thicknes s  Dep th Angle of dip RQD Index 
Lithology ( f t )  (ft)  (0)  (% )  Range (mean) 
Limestone 
(Brereton) 4 . 8  none 30 10-48 (33)  
Mine void 2 . 0  
Clays tone 6 . 5 none <10 7-18 (10) 
Limes tone 
(Higginsville) 11. 7 none >90 38-65 (51)  
Shale 2.7 none 3 0  19-36 (26)  
Canterbury Manor 
JMA #3 
Shale 11 . 3  none < 5 10- 14 ( 1 2 )  
Coal 0 . 2 none 18- 38 ( 2 6 )  
Clays tone 1 6 . 2 none < 5 9- 25 (14)  
Limestone (Pia sa)  8.2 110 . 5 10 > 90 43-60 ( 53 )  
115.0 40 
Clays tone 6 . 0 118.2 15 < 5 7-14 (12)  
Limestone 
(Banks ton Fork) 16 . 4 90  47- (54)  
Silt stone 2 . 7  8 0  2 6-53 ( 3 8 )  
Limestone 
( Conant ) 6.5 14 5 . S  90  >90 3 5-60  ( 50) 
Shale (Anna ) 2.7 149.0(Slickensides) 50 3 0-41 (35)  
Coal (Herrin No. 6)  7 . 8  153 . S  90  so 38-60 (47 ) 
Clays tone-
limes tone 3 . 5 158.0 (Slickensides) 20 14-47 (30) 
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The core was examined to identify natural frac tures , which are differ-
entiated from coring-induced , handling , and stress-relief fractures by frac tu�-
raphy techniques. The natural fractures and their angle of dip are given in 
table 5 .  
Physical Properties of Claystone below the Herrin (No. 6 )  Coal 
One of the principal reasons for not using proven hydraulic methods to 
backfill abandoned coal mines in southwestern Illinois was uncertainty about the 
effect of water inj ection on the physical character of underclay materials in the 
apparently " dry" mines. If the pneumatic methods being tested in southwestern 
Illinois should prove unsatisfac tory or sub stantially less efficient than hydrau-
lie methods ,  it would be advantageous to know the effect water inj ec tion may have 
on s tability of the mine opening. Probably the best method for testing the effec t  
of hydraulic method s on "dry" mine s tability is a full scale t e s t  in a rural set-
ting. However , in lieu of such a tes t ,  some inferenc e s  about mine s tability can 
/ 
be ob tained from laboratory tests on underclay materials. Thes e  tests should 
include :  (1) mea�urement of shear s trengths o f  materials at field moisture con-
ditions and in a wetted s tate , ( 2 )  measurement of swell potential of undisturbed 
samples ,  and ( 3 )  measurement of Atterberg limits. Available samples are being 
used for mineralogic charac terization , At terberg limit s and swell po tential of 
remolded claystone ; however , these samples are no t suitable for shear strength 
tes ts. To perform strength test s , undisturbed samples at natural moisture con-
ditions will have to be obtained from the mine floor. 
In all of the nine core samples taken at the Maryville and Belleville 
sites in Madison and S t. Clair Countie s ,  claystone was found below the mine voids. 
The engineering propertie s  and clay mineralogy o f  claystones were analysed in 
Survey laboratories. 
Samples were taken at 6-inch intervals to allow testing for vertical 
differences in the properties of the clays tone. A sample of at least 250  grams 
4 3  
was r equired for each tes t .  In some cases , i t  was nec essary to combine several 
6- inch interval samples to achieve the weight . The tests performed were the 
Harvard compac t ion tes t ,  Atterberg l imits ( l iquid and plastic l imit determination 
tes t s )  and a potential volume change test (PVC) . A detailed account of the pro­
cedures for these tests may be found in ASTM STP 479  - Special Procedur e for Test­
ing Soils and Rocks for Engineers , 5th ed . 
The Harvard Compac tion test yields data concerning the dens ity that may 
be achieved at different moisture content s .  Under a uniform compactive effor t ,  
a soil mater ial achieves a maximum density a t  a spec ific mois ture content . This 
tes t provides a means for determining that spec ific moisture content at the mini­
mum void space and maximum den sity condit ion . This cond ition is r eferred to a s  
the opt imum mo isture/density . In table 6 are given opt imum mo isture in percent­
age of moisture of dry weight and density expressed as pounds per cubic foot . 
At terberg limits�plastic (Pw) and liquid (Ly,) limits�are two arb i­
trarily def ined parameters which represent , respectively , the boundar ies between 
the semisol id and plastic states and the plastic and liquid s tates , expressed as 
the water content at these boundaries as a percentage of the weight of the oven­
dr ied soil . The third parameter , the Plastici ty Index , is s imply the difference 
between these two l imit s  (Ly, - Pw) ·  
Potent ial vo lume change (PVC) is a test to d etermine the tendency of 
soil materials to change volume ( see Soil PVC Meter , FHA Technical Stud ies Repor t ,  
1960) . The apparatus is a conf ining cell between porous b locks that allow the 
sample to be saturated with wat er . The potential vo lume change is shown by 
measur ing the pressure that d evelop s against a proving r ing above the sample . 
When preliminary PVC tests of c laystone were run , the ma terial showed marginal 
swell charac teristic s .  I t  was dec ided that more cons istent results could b e  
ob tained by standard izing the moisture and density o f  test samples . Samp les were 
wetted to their opt imum mo isture content , as determined in the Harvard apparatus , 
Tab l e  6 .  Physical prope r t i e s  of 
Att erberg L im it s  
Bor ing Depth Liquid 
numbe r  ( f t )  l imit 
JMA- 1 1 5 1 . 0-1 5 3 .  0 5 0 . 0 
153 . 0-1 54 . 0  5 0 . 0 
1 54 . 0- 1 5 5 . 0  43 . 4  
1 5 5 . 0- 1 56 . 0 4 5 . 5  
1 5 6 . 0-1 5 6 . 5 4 6 . 9 
1 5 6 . 5- 1 5 7 . 0  5 3 . 6 
1 5 7 . 0- 1 60 . 5 3 7 . 5  
160. 5- 1 6 2 . 0  4 8 . 5 
1 62 . 0- 1 63 . 0  4 9 . 3  
JMA- 2 149 . 0-1 49 . 5 52 . 5  
14 9 . 5- 1 5 0 . 0 5 2 . 1 
150.  0- 1 5 0 .  5 5 2 . 1 
150.  5- 1 5 1 .  5 5 3 . 8  
1 5 1 .  5- 1 5 2 .  0 5 1 . 0  
1 52 . 0-1 52 . 5  5 3 . 5 
1 5 2 . 5- 1 53 . 0  5 3 . 5 
1 53 . 0- 1 53 . 5  50. 5 
1 5 7 . 5- 1 58 . 0  44 . 8  
1 58 . 0- 1 58 . 5  4 9  
JMA- 3 1 5 7 . 1 6- 1 58 . 1 6 7 8  
1 58 . 16-i59 . 16 63 
Plas t ic P la s t icity 
l im i t  index 
2 6 . 8 2 3 . 2  
2 1 .  8 28 . 2  
2 9 . 6  1 3 . 8  
1 9 . 8  25 . 7  
2 7 . 9  1 9 . 0  
2 7 . 3  26 . 3  
2 6 . 3 1 1 .  2 
2 0 . 3 28 . 2  
2 2 . 7 2 6 . 6 
3 6 . 7 1 5 . 8  
2 8 . 8 23 . 3  
2 5 . 1  2 7  
31 . 3 2 2 . 5 
28 . 8  2 2 . 2  
23 . 5  3 0 . 0 
2 5 . 0  28 . 5  
24 . 3  2 6 . 2 
2 1 . 8  2 3 . 0  
3 0 . 2 18 . 8  
3 9  39 
28 3 5  
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c lays tones ben ea th the No . 6 Coal . 
Potential vo lume 
Harvard change 
Mo i s ture Den s i t y  load HUD 
( % )  ( lb s / f t 3 ) ( lb s / f t � d e s igna t iona 
8 . 1  105 . 2  1969 - 2.  3M 
6 . 6 107 . 9  
6 . 6  1 1 1 .  2 1 5 3 7  - 1 .  8NC 
8 . 4  105 
1 1 .  8 98 . 7  
9 . 6  9 9 . 2  
5 . 4  104 . 5 1 8 7 3  - 2 . 3M 
7 . 0  1 02 
7 . 9  105 . 1  2305 - 2 . 8M 
1 2 . 3 9 6 . 6 3 57 8  - 4 . 0M/C 
13 . 9  1 1 1 .  2 1 7 0 5- 2 . 0NC/M 
1 1 .  6 106. 2 1249 - l . 4NC 
1 2 . 8  9 5 . 4  2402 - 2 . 9M 
1 5 . 4 1 08 . 3  2 3 08 - 2 . 8M 
1 0 .  7 107 . 9  
1 5 . 1 1 04 . 7  2402 - 2 . 9M 
1 0 . 3 109 . 8  2 2 09 - 2 .  7M 
1 1 .  2 105 . 4  
1 0 .  9 104 . 3  
13 . 1  1 0 1 .  7 
6 .  7 103 
Tab le 6 .  Con t inued . 
At terberg Limi t s  Harvard 
Depth Boring Liquid 
number ( f t )  l imit 
JMA-4 183-184 . 8  6 0 . 0 
,_;MA- 5 187 . 0- 188 . 0 3 7 . 0  
188 . 0- 189 . 0  3 5 . 0  
JMA- 6 1 6 6 . 12- 167 . 12 58 . 0  
167 . 12- 167 . 62 4 6 . 0 
167 . 62-168 . 12 5 5 . 0  
168 . 1 2- 1 69 . 12 6 1 . 0 
RII- 1 2 1 9 . 5- 2 2 0 . 7 5 3  
RII-2 2 3 0 .  27-2 3 1 . 27 46 
2 3 1 . 27- 23 2 .  2 7  49 
2 3 2 . 27-233 . 27 40 
2 3 3 . 2 7 - 2 34 . 2 7 3 5  
234 . 27-2 3 5 . 2 7 4 5  
2 3 5 . 27- 2 3 6 . 2 7  44 
2 3 6 . 27-237 . 2 7 44 
23 7 . 27-239 . 2 7 42 
RII-3 234 . 9- 2 3 6 . 4 59 
ao- 2 ,  NC - Noncr i t i ca l ; 
2-4 ,  M - Margina l ; 
4- 6 ,  c - C r i t ica l ;  
6+ , VC - Very c r i t i c a l .  
P l a s t ic P l a s t i c i t y  Mo isture Densitv 
l im i t  index (% )  (lbs/ f t-3 ) 
28 . 0  32 . 0  13 . 5 9 5 . 1  
20 . 0  17 . 0  9 . 0  1 1 4 .  4 
2 2 . 0 1 3 . 0  8 . 6  106 . 4  
2 7 . 0  3 1 .  0 1 2 . 1  101 . 6  
2 3 . 0  2 3 . 0  1 3 . 5 1 12 . 2  
3 0 . 0 2 5 . 0  14 . 0  111 . 2 
2 4 . 0 3 7 . 0  11 . 7 107 . 5  
2 0 . 0 3 3 . 0 1 5 . 5  1 04 . 3  
2 1 .  0 2 5 . 0  
2 0 . 0 29 . 0  
2 2 . 0  18 . 0  
1 6 . 0 1 9 . 0  
2 0 . 0 2 6 . 0 
2 7 . 0  17 . 0  
2 5 . 0 1 9 . 0  
2 3 . 0  19 . 0  
2 8 . 0  3 1 .  0 1 1 .  8 101 . 6 
45 
Potential  volume 
change 
load HUD 
( lb s /f ta) d e s igna t ioria 
2305 - 2 . 8M 
1441 - l . 7NC 
961 - l . ONC 
1489 - l . 7NC 
1345 - l . 5NC 
2017 - 2 . 4M 
1440 - l . 7NC 
865 - 0 . 9NC 
2017 - 2 . 4M 
2 3 06 - 2 . 8M 
1489 - l . 7NC 
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and their swell capacity measured us ing the PVC apparatus . Results are shown in 
table 6 .  Although the clays tones were d isturbed , test procedures that treat all 
samp les uni formly should provide an index of the relative characteristic s  of one 
sample compared to ano ther . Fox example , a claystone tha t showed a potential for 
volume change in a remolded cond it ion of 1 (noncr itical) would certainly be less 
likely to swel l  than a remolded claystone samp le that showed a potential for 
volume changes of 4 . 5  ( critical ) . 
Mineralogy of Clays tone below the Herrin (No . 6) Coal 
Claystones generally underlie the coal seam in Belleville and Maryville 
and are the princ ipal units found in the mine floor . The physical properties of 
these clays tones are in part related to. the kind of c lay present in each area . 
For example,  clay containing a high percentage of montmorillonite may be expected 
to take up water , swell ,  and lose strength when wet ted . Claystones containing 
illite would be expected to have quite different behavior . They tend to have 
less potential to swell and higher strengths . 
The nature o f  the expansive properties of the claystones below the coal 
seams was determined by s tudying samples selected from cores from bor ings made at 
each of the three sites.  Canterbury Manor is represented by boring JMAl , the 70th 
S treet area by JMA6 , and Maryville by RII 2 .  Five samples were selected from each 
core . 
Analyses of c lay mineral s  by means of X-ray diffrac t ion from each core 
were made using proc edures developed by Survey personnel . Two smear s lides were 
prepared of the less- than- two-micron frac tion of each sample . These slides were 
then placed in a dessicator containing ethylene glyco l ,  where they remained for 
two days . The slides were then scanned by the X-ray and placed in an oven at a 
temperature of 375°F .  Af ter being heated for one hour , the slides were returned 
to the X-ray to be scanned a second t ime . 
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The X-ray pat t erns produc ed b y  the two scans were used to identify the 
clay minerals present in each sample . Heating of the slides before the second 
scan collapsed the layer ing and serves to ind ica te the expandable c lay frac t ion . 
The relative amount s  o f  the maj or clay minerals in each sample and the expandable 
clay frac tion are shown in table 7 .  The table also shows the range of the per­
centage of hydration o f  mixed layered expandable c lay minerals calculat ed us ing 
a method developed by Weaver ( 1956) . The mixed layered s truc ture of the expand­
able c lays is a result of alternating layered units of clay, principally illite 
and montmorillonite . S ince increased hydration potential results from montmoril­
lonite,  this range roughly ind icates the proportion of montmorillonite in the 
sample . The presence o f  even a small proportion of illite severely reduces the 
tendency for these c lays to swell . 
Field Instrument s  to Monitor Earth Movement s  
Borehole Inclinometers 
At four locat ions , two in Maryville and two in Canterbury Manor , the 
Survey has ins talled aluminum casing specially designed to accommodate a solid­
s tate borehole inc linometer (Digitilt Inclinome ter Model 50304 and S ensor Model 
50320; S lope Ind icator Company , Seattle , Washington) (fig. 14) . This instrument 
is used to measure progressive deviation of the cas ing from the init ial orienta­
tion . Casings were ins talled on November 15 and 1 6 ,  197 7 .  The four casings were 
placed near homes that show s igns of recent movement .  
Preliminary data from four inclinometer casings indicate that smal l  
hor izontal ground movements have occurred i n  the subsurface since the instruments 
were installed . Data from periodic sensor surveys of the inclinometer casings are 
included in Append ix C of this report . These data are given in two forms , tabu­
lated and plotted . Tabulated data show readings for the initial sensor survey , 
s ensor read ings for the later survey , change of reading from the initia l ,  tangent 
of the angle of def lec t ion of the casing , and movement of the casing in inche s .  
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Tab le 7 .  Clay mineral content of claystones below the Herrin (No . 6) Coa l .  
Clay Mineralogy (Ear ts in 10) Range o f  percentage of 
Boring Depth I llite Expandab le Kaolinite Chlor ite hydrat ion o f  mixed 
number ( f t )  Clay Minerals layered expandables 
JMA- 1 151 . 0- 151.  5 1 8 0- 1 37 . 5-95 
154 . 0- 154 . 5  1-2 7 0- 1 0- 1 33 . 7-95 
157 . 0- 157 . 5  1- 2 3-4 4- 5 2 7 . 5-98 
162 . 5-163 . 0 2 6- 7 0- 1 0- 1 3 5 . 4-90 
JMA- 6 166 . 1- 166 . 6 1-2 5- 6 3-4 2 6-44 . 3 
1()7 . 1-167 . 6 1- 2 7 0- 1 1 27 . 5� 5 3 .  5 
167 . 6-168 . 1  1 8- 9  0- 1 2 2 . 3-48 
168 . 6- 169 . 1  1-2 8-9 0- 1 .25- 63 
RII-2 230. 3- 230. 8 1 6- 7 2 25-48 
232 . 8- 233 . 3  3-4 5 0-1 0- 1 33 . 7-42 
235 . 8-23 6 . 3 1 8 0-1 3 3 . 7-46 . 8  
238 . 8-239 . 3  2 6- 7 1 1- 2 3 1 .  5- 57 . 8 
Pul ley  assembly  �__., Inc l i n ometer  
with  cab l e  h old 
I 
Pos i t i on o f  I 
or i g i na l  � 
bor ing 
U N STA B L E E A R T H  
S ensor 
Casing w i t h  sensor 
t racks set i n  b o r e  h o l e  
STA BL E E A R T H  
Figure 14 . Incl inometer and inc l inometer casing . · 
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Movements are calculated and summed from the bot tom of the cas ing . Plot ted data 
show : ( 1 )  dial change , a simple d ifferenc e between instrument read ings of the 
initial survey and the later survey , and ( 2 )  movement in inches . For each casing 
survey these func tions are calculated and plot ted for vert ical orthogonal planes 
oriented north- south and east-west . Compar ison of plots of data from succ essive 
surveys show that movement s  have occurred . 
Movement s  measured immed iately af ter the November installat ion were 
caused by minor settlement of each casing in its borehole . For that reason the 
" init ial" survey to which all later surveys are compared was not run unt il mid­
January when casing settlement had c eased . 
Two inclinometer casings located in Canterbury Manor appear more stable 
than those in Maryville . The maximum movements in casings CMINC- 1 and CMINC-2 
were 0 . 053 and 0 . 048 inches , respec tively , while maximum movement s  in Maryville 
casings MVINC-1 and MVINC- 2 were 0 . 143 and 0 . 114 inches . Movement s  in Cant erbury 
Manor casings were generally conf ined to shallow depths , but , in Maryville , 
ins tallations showed multip le zones o f  movement in the subsurfac e .  The movement s  
i n  Maryville are complex and multidirec t ional and d o  not paral lel the direc tion 
of surface slope at any site . Though it is not yet possible to clearly define 
the mechanisms tha t are caus ing these movements , the incl inometer casings are 
probably responding to the same stresses tha t produce movement s in settlement 
probes.  
Settlement Probes 
Movement of the ground may result from subsidenc e or from settlement 
o f  unstable soil mater ials.  These movements are extremely difficult to measure;  
the times and places of their occurrenc e are unpredictab le . Both deep and shallow 
settlement probes (fig .  15)  were instal led at two locations in Maryville and 
Cant erbury Manor and at one location in the 7 0th Street area . The deep probes 
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were cons tructed by drilling a hole to the dep th of firm material and casing the 
hole with plastic p ipe . An inner galvanized steel pipe  was dr iven 2 to 3 f eet 
( . 6  to . 9  m) beyond the bot tom of the ho le . The inner p ipe  is designed to sit 
j ust below the ground surface .  The p ipe rides free in the casing and reacts to 
vert ical movement of  the lower so il . A shallow probe is construc ted within a 
few feet laterally of the deep probe to measure differenc es in movement between 
deep and shallow material . These mea surements are made by surveying the elevat ion 
dif ference between the tops of the two probes . Changes in the elevat ion differ­
ence are measurements  of movement in the subsurface between the bottom of the 
deep probe and the bot tom of the shallow prob e .  
Five sets of settlement probes installed in the study areas in south­
western Illinoi s  show smal l  changes in elevat ion between the tops of shallow and 
deep probes ( f igs.  16 ,  17 , 18 , 19 , and 20) . Init ial surveys were run on August 
2 9 ,  197 7 ,  and 26  surveys have been run since tha t time . Four sets of probes , 
two each in Canterbury Manor and Maryville , show f luctuating but generally upward 
movement of the shallow probe with respect to the deep prob e .  The largest total 
upward movement during the s ix month mon itor ing per iod was 0 . 027 feet ( 0 . 8 cm) 
measured at probe MVSP-2 in the southern port ion of the Maryville proj ect area . 
That same ins tallation showed the largest movement between two successive surveys . 
From December 1 to 15 , 19 7 7 , the shallow probe at  MVSP-2 moved upward 0 . 009 feet 
(0 . 3 cm) with respect to the deep prob e .  One settlement probe installation in 
the 7 0th S treet proj ect area in Belleville ha s exhib ited both upward and down­
ward movements  of the shallow probe with no net change in elevation over the six 
month period . 
All movements measured by settlement probe installations from September 
1977 through May 1978 are less than 0 . 027 feet ( 0 . 8 cm) . The stresses causing 
the measured movements may be of several different types . The measured changes 
in elevation difference between shallow and deep probes reflect changes in the 
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thickness of the material between the bottom of  the shallow probe and the bottom 
of the deep probe . Measurements  ind icate tha t thickness has both increased and 
decreased during the monitoring period . Increases in thickness , a relative 
upward movement of the shallow prob e ,  may result from swell ing of  clay materials 
with wetting or from dilatancy of the mater ial as fractures propagate through it . 
Decreases in thickness , relative downward movement s  of  the shallow probe , may 
result from dessicat ion of  saturated clay materials or from consolidation . 
S tresses causing movements measured at probe installations cannot be 
definitely attributed to mine sub sidence or to any other single mechanism.  How-
ever , the patterns of  movements in several probes show a high degree of correla-
tion with fluctuat ions of water levels in adj acent shallow piezometer s .  A r ise 
in piezometric water level generally coinc ides with an upward movement of  the 
shallow prob e .  This trend is shown in a compar ison of settlement probe and 
piezometer data in figure 20 .  If  there is a cause-effect relationship between 
water levels and ground movement s ,  the upward movements may be the result of 
swelling of clay materials that are we tted as wa ter levels rise in the loessial 
materials . 
Charac terizat ion of Damage to Buildings 
A data report  form as shown in Appendix E was prepared for interviewing 
peop le in the proj ec t area . The purpose of the data report form is to systema-
tically collect informat ion concerning subsidence and to record the nature of  
damage to individual structures .  Prior to this study , little if any detailed 
information had been recorded for individua l struc tures . The information col-
I 
lected on these data sheets may be  used to draw inferences that will lead to a 
bet ter unders tanding of  mine sub sidence in Belleville and Maryvill e .  
Data sheet information inc ludes locations of  damaged property (address) , 
type of  construction , descript ion and d iagrammatic illustration of  damage , dates 
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when damage occurred , and surface topography . Diagrams illustrating the damage 
d isplay the orientation and magnitude of  structural displacements . This informa­
tion is comb ined with quest ions to determine public awareness of the problem .  
An interview i s  conducted b y  a two-member team and may require u p  t o  
two and one-half hours .  One member interviews the property owner while the other 
member diagrams and measures the property damage . After the interview, no tes 
taken by the interviewer and diagrammer are combined and reviewed by the team 
member s .  The data sheets are currently being compiled from information given by 
property owners who have contac ted either Illinois S tate Representative Celeste 
S tiehl or the Illinois State Geological Survey. 
Each data r eport is a record of  specif ic damage which has occurred to 
that individual structur e .  Directions and magnitudes of  movement a r e  r ecorded . 
Cracks in brickwork and foundat ions are measured for length , width, and d isplace� 
men t .  On return visits , additional movement can then b e  documented , and perhaps 
movement can be confied to a time period . Times of  occurrence are much more dif­
f icult to determine , as opposed to actual movement which can be measured in 
inches . One must usually rely on observations of  the building ' s  owner to report 
t imes of specific movement .  Often these are no mor e  accurate  than a season of  
the year . Movement has been not iced by different building owners at diff erent 
t imes of  the year , but generally the periods of  movement not iced by the maj ority 
appear to be late fall and winter with some event s  noted in the early spring . 
Damage to par ticular types of  buildings also seems to differ . The vast 
maj ority of the damaged buildings examined were brick build ings ,  which show the 
effects of subsid ence more clearly than do most frame buildings . Most damage 
appears to occur in weak areas of exterior walls , around windows and doors , or 
near corner s .  Driveways and walkways are often affected . Cracks usually f irst 
appear as hairline cracks . Then as subsidence progresses , these cracks widen . 
In one home we recorded a crack 3 inches wide . These cracks can be of any 
60 
orientation:  vertica l ,  horizontal , or d iagonal . Cracks can and usually do 
follow the mortar around the brickwork but will quite often shear across the 
b r icks .  One phenomenon mo st bu ild ing owners report is a "cracking and popping" · 
noise . These sounds are reported as coming from the bu ild ing at night s when the 
neighborhood is quiet . 
This system of  data-gathering has improved communications with local 
people as well as provided add it ional informat ion we would have no other way of 
obtaining . For example,  reports of subsidence activity indicate that the· damage 
area has expanded to the wes t . 
Charac ter iza t ion of  Backf ill Materials 
Initially , the U . S .  Bur eau of  Mines selected two refuse banks as pos­
sible sources of backfill : the S t .  Ellen refuse bank in the N� Sec . 3 5 ,  T .  2N . ,  
R .  8W. , approximately 8 miles nor theast of Cant erbury Manor , and the Ko enig 
refuse bank in the W� Sec . 10 , T. 2N . , R. 8W. , approximately 10 . 5 miles north­
northeast of Canterbury (fi g .  1 ) . The St . Ellen refuse bank was being processed 
for secondary coal recovery by the Minera ls Management Corporat ion (MMC) . At 
the Koenig refuse bank , no such coal recovery operations are being conducted ,  
and the refuse material is raw mine wa ste . 
Samp les of the St . Ellen refuse bank were collec ted from two types of 
reworked wastes . The f irst was wa ste removed in the initial stage of the coal 
recovery proc ess . This waste was spread by eart hmover in the area shown in f ig­
ure 21 . It  is from this bank that the samples in bags 2 and 3· were taken . The 
second type of. wa ste ma terial at S t .  Ellen consists of a washed material from the 
f inal state of the coal recovery process . These washed wastes are depos ited in 
s lurry form in the adj acent settling canal ( f ig .  21) . The filling of the canal 
with slurry requires cont inued dredg ing by backhoe . The dredge material is 
placed in banks beside the canal . Samples taken from these banks were combined 
in bag 1 .  
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The waste material from the Koenig ref,use bank was randomly sampled . 
The samples were taken from 1 to 2 feet ( . 3  to . 6  m) below the surface of  the 
banks in order to avoid the weathered and dried surface layer s .  The locations 
of subsamples of the Koen ig Bank are shown in f igure 2 2 .  
Laboratory analyses performed on samples from both the S t .  Ellen and 
Koenig refuse banks included det ermination of na tural moisture content , part icle-
size analyse s ,  and chemical analyses , including tests for both carbon and sulfur . 
Mo is ture contents were determined by standard methods and are expressed as per-
centages of dry weight in table 8 .  
Table 8 .  Mo isture contents of refuse bank materials . 
Refuse bank 
S t . Ellen (bag 1)  
Koenig (bag 2)  
Weight (g) 
Wet Dry 
395 . 0  303 
400. 0 346 
Percentage of  
mo isture 
3 5  
18 
All bag samples required drying before particle analysi s ,  and each 
weighed about 30 kilograms af ter drying . Each sample was split to a weight of  
aprroximately 5 kilograms . After splitting , the samples were shaken and sieved 
for about 15 minutes . The results of the part icle-size analyses are shown in 
Appendix B .  Material passing through 4 mesh sieve was split a second time to 
about 200 grams . This material was then s ieved using a smaller sieve series on 
a Ro-Tap machine for 15 minutes . Material smaller than . 062 millimeters was 
subdivided into silt and c lay fractions using the hydrometer methods .  
For chemical analyses , 100 grams o f  dry sample were split from the bulk 
bag sample and f inely ground . The ground sample was resplit into 2 0-gram subsam-
ples for to tal su lfur det erminat ion and into 10-gram subsamples for total organic 
and inorganic carbon determinat ions . The average amount of coal in the S t .  Ellen 
Refuse Bank is approximately 28 percent and in the Koenig Refuse Bank approxi-
mately 3 3  percent . Analyses for coal do no t d irectly indicate the amount of  
T ra i l e r  p a r k  
H o l ly w o o d  H e l g h f s  R o o d  
N u m bers  represent  s u bsam p l e  l o cat i ons 
for bags I ,  2 ,  3, and 4. 
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Figure 2 2 .  Koenig refuse bank,  S t .  Clair County. 
usable coal in the refuse bank. The particle size , quality of  the coa l ,  and 
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many other fac tors must be cons idered before the bank can be a proven economic 
resource.  This is the reason addit ional tests were run on the O ' Fallon Refuse 
samples . 
Samples were collected from the O ' Fallon Refuse Bank located in the 
SE� of the NW� Sec . 3 3 ,  T. 2N . , R. 8W. , S t . Cla ir County (f igure 2 3 ) . The 
results of chemical and grain size analyses are given in Appendix B .  Tests of  
samples from locations 1 and 4 (coarse material)  indicate a relatively low carbon 
content (27 . 88 and 3 4 . 28 percent)  compared with the analysis of samples 2 and 3 
( f ine material) showing a high carbon content ( 5 7 . 19 and 60. 54 percent ) .  Most of 
the f ine material ha s been removed from the bank and used to blend with bet ter 
grades of coal . Add itional samples were collected this spring , and float- sink 
tests will be run to determine the amount of recoverable coal present in the 
O ' Fallon bank. Economic evaluat ion of the bank could not be made without the 
results of these tests (table 9 ) . 
Gravity 
1. 30 float 
1. 40 float 
1. 60 f loat 
as sampled 
1 .  40 f loat 
1. 60 f loat 
as sampled 
Table 9 .  Washability tests of samples 
from O ' Fallon Refuse Bank 
Recovery Mo isture Ash 
(% )  
Sulfur 
(% )  
Heating Value,  Btu/lb 
(% )  (% )  Dry basis As received basis 
Coarse 
3 . 9  7 . 6  3 . 7 6 12 , 57 1  9 , 818 
14 . 7  10 . 2 3 . 87 12 , 200* 9 , 530 
3 2 . 2 16 . 3  3 . 82 11 , 400* 8 , 900* 
100 . 0 2 1 .  9 46 . 4  4 .  71  6 , 203 4 , 845  
Fine 
14 . 6  16 . 3 3 . 18 11 , 045 8 , 251 
60 . 1 23 . 1  3 . 33 9 , 7 5 6  7 , 287  
100 . 0 25 . 3  28 . 6  3 . 48 9 , 253 6 , 912 
*calculated with assumed constant mo isture , ash-free heat ing value . 
Tes ts  ind icate that gravity separat ion techniques could not be econom-
ically used to upgrade either the coarse or f ine ma teria l .  The f ine material 
F igure  23 . O ' Fallon Refuse Bank. Locat ions 1 and 4 ind icate  surface 
sampl ing of  coarse material . Locations 2 and 3 indicate 
channel samples of f ine materia l .  
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might b e  upgraded by froth flota t ion ; further testing would be required to conf irm 
this possib ility . Observa tions of the remaining material in the bank show that 
most of the f ine material was removed earlier and used to blend with higher grade 
coals . This was a sound procedure which resulted in the benef ic ial use of  subgrade 
coal . We conclude that the present refuse bank is not suitable to economically 
process for add it ional coal . 
CONCLUSIONS 
Test borings comple ted under contrac t by the Bureau encountered mine 
void s in each of the three proj ect areas , and coal pillars were penetrated in 
the Canterbury Manor and 7 0th S treet area s .  The Herr in (No . 6 )  Coal seam mea­
sured 5 . 5 to 7 . 35 f eet ( 1 . 7 to 2 . 2  m) thick in the area , and mine vo ids more than 
5 feet ( 1 .  5 m) high were j udged to be  representative of the original mine opening . 
On this basis , two test borings in the 7 0th S treet area of Belleville (borings 
JMA-4 and JMA- 5)  encountered full openings • .  The 10-foot (3 . 0  m) high void in 
boring JMA-5 probably resulted from overexcavat ion or roof fall during mining 
because rubble was not found in the mine floor . A 6 . 5-foot ( 2 . 0  m) vo id in Can­
terbury Manor (boring J�A- 1) indicated a full opening ; however , the void 2 feet 
( . 6  m) high in boring JMA-2 , which had two 6- inch ( . 15 m) vo id s immedia tely above 
it , indica tes that partial collapse or squeeze of the mine has taken plac e .  All 
three deep borings in the Maryville area penetrated partially collapsed or 
squeezed mine workings .  The voids ranged in height from 1 . 3  to 3 . 5 feet ( 0 . 4 to 
1 . 1  m) . 
The number o f  par tially co llapsed mine voids encountered in the proj ect 
areas ranged from none in the 7 0th Street area to three in Maryville . Our f irst 
quarterly report s tated that this number could ind icate that mine collapse is 
more widespread in Maryville than in the two Belleville sites ; however , there 
was no assurance that this preliminary indicat ion from three widely spaced borings 
is accurate. 
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Conditions encountered by deep diamond drill holes in each of  the three 
proj ect areas ind icate that the mine openings contain some methane and carbon d i­
oxide .  Detailed information i s  ava ilable from the Illinois Department of  Mines 
and Minerals . Department personnel consider it f easible to ventilate the proj ect 
area at  Canterbury Manor to allow entry . Water was not evident during drilling 
of preliminary bor ings , and borings for f illing have also been dry . 
Geologic conditions , which may determine whether subsidence will occur 
and which affect the conf igurat ion of  the settlement pattern , d if f er between pro­
j ec t  areas . Evaluation of  available data suggests that the Maryville area may 
have geologic conditions more favorable for subsidence than the Belleville area . 
The Maryville area has an overburden of 220 feet ( 67 m) above the mine , which is 
thicker than the overburden of  146 feet (44 . 5  m) at 7 0th S treet and 175 feet ( 53 m) 
at Canterbury Manor . Thickness of overburden is a signif icant factor in calculat­
ing the load that is carried by the mine p illars ; the greater the overburden thick­
ness , the greater the load . Of course ,  the percentage of coal mined and pillar 
size and shape are the primary determinants  of the stresses to which coal p illars 
are subj ected . These s tresses and the ab ility of  the coal pillar , mine f loor or 
bottom ,  and mine roof to withs tand them det ermine whether the potential for fail­
ure exis ts . 
Borings show that the thickness of  limestone in the mine roof a t  Mary­
ville is 10 to 19 f eet (3 . 0  to 5 . 8  m) , which is less than the l imestone thickness 
in Canterbury Manor or 70th Stre�t , where l imestone thicknesses are 28 to 2 9  feet 
(8 . 5  to 8 . 8  m)  and 12 to 30 f eet (3 . 7  to 9 . 1  m) , respectively . Borings at  Mary­
ville also show a sequence of  claystone in the mine bottoms that is thicker than 
that at  the Belleville sites . At both Belleville sites , the mine bot toms· con­
tained moderat ely thick limestone beds , in contrast to the Maryville mine bot toms , 
where no limestone beds were recovered . The stabil ity of p illars resting on these 
mine bottoms is affected by diff erenc es in the character and thickness of the 
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claystones and the pre sence or ab sence of  limes tones . Entry into the mine areas 
may allow add it ional testing and bet ter assessment of the impor tance of  differ­
ences in the lithologies of the Belleville and Maryville mine bot toms . The mo st 
signif icant advantage of per sonnel go ing underground is the opportunity to make 
d irec t  observations of wha t ha s happened in the mines . 
Once fa ilure occurs in the mine opening , the physical charact eristics 
of the bedrock and surfic ial materials above the mine determine the configura­
tion of the failure as it is propagated toward ground surfac e .  I n  general low­
strength materials above collapsed or squeezed areas of a mined-out area allow 
development of large angles that spread the settlement and thus affect large 
surface areas . Conversely , high strength materials in the overburden t end to 
decrease the size of  the affec ted area at  ground surface .  
The larger proport ion of limestone in Belleville may cause failure of 
the mines there to result in an angle of draw as the frac tures propaga te to the 
surface through the bedrock sequence that is sl ightly smaller than that in Mary­
ville . However , natural frac tures observed in rock cores could not def in itely 
be credited to subsidence activity and are not useful in del ineating the subsi­
dence area . 
The presence of weak surficial ma terials in a subsidenc e area could 
produce wide ang les of draw enlarg ing the affec ted surface area . Shear strength 
measurements of surficial ma terials collected for this study ind icate signif icant 
differences in strength of the surfic ial stratigraphic units . Lowes t shear 
st rength values were obtained from the wa ter- saturated portions of the Peoria 
Loess and Roxana S ilt , the uppermost geologic unit s in each proj ect area . The 
lowest mean shear strength o f  any surficial unit stud ies wa s 0 . 6 tsf ( 0 . 6 kg/cm2) 
measured in the Roxana Silt at  Maryville . Low strength surf ic ial mater ials , 
especially the Wisconsinan loesses , may be aggravating subs idence problems by 
increasing the angle of  draw and the size of  the affected area . 
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Settlement probes and inc linometers installed by the Survey have 
measured near- surface ground movement s .  The measurement o f  these movement s  i s  
an essent ial step in def ining the geometry of  the area affected b y  subsidence ;  
however , the value o f  these measurements  i s  severely limited by the lack of a 
surface survey network with which the measurements can be compared . Without a 
surface survey , the mechanisms responsible for measured movements  cannot be id en­
t if ied , the extent of  the subs idence area cannot be  precisely determined and , 
more importantly , the ef fec t iveness of pneumatic backf illing in controlling sub­
sidence cannot be adequat ely assessed . 
To insure a stable benchmark from which a surface survey can be estab­
lished , the Survey is complet ing plans for an automatic , continuously record ing 
device to measure elevation changes between ground surface and the mine bottom. 
Such a device could be installed in one of the large-diameter inj ections borings 
tha t encounters a p illar and cannot be used in the f illing operat ion . The instru­
ment will provide a continuous record of movements between the stable bot tom of 
the mine and the potentially uns tab le ground surface .  If  movement s  are recorded , 
then deviations measured in the surface survey can be corrected to a stable datum .  
FUTURE STUDY 
Future studies will be  aimed at develop ing a more complete understand­
ing of the geologic aspec ts of sub sidence as they aff ect the backf illing of mines 
in southwestern Illinois . The Survey program establishes continuity between areas 
currently being backfilled and tho se areas proposed for future proj ects . Phases 
of work outlined below are also designed to cont inue monitoring b eyond the period 
of backfilling . 
Placing instrument s ,  construc t ing monuments , and purchasing equipment 
requires a relatively high init ial investment in research programs o f  this type . 
It  is therefore important that monitoring cont inue for an opt imum length of time 
as proposed in the continuat ion proposal . 
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Surface Survey 
A detailed survey net to det ermine the geometry of the subs idence area 
in Belleville-Maryville is a high pr iority item in future work. Toward this end , 
the Survey members and engineers from Southern I llinois Univers ity, Edward sville,  
prepared a proposal for fund ing such a proj ec t .  The proposed 27-month study 
includes periodic surveying of  a series of  monuments . The surface survey net 
will be used to def ine the geometry of the sub sidence area and the magnitude of 
surface movements . Surface surveys will be completed prior to or during the 
very early phases of the f illing program . These surveys , when compared to sub­
sequent surveys during and af ter backf il ling , will provide hard evidence to dem­
onstrate the effectivenes s  of pneumatic backf illing in controlling subsidence .  
Equipment distributors indicate that delivery delays are running about 6 t o  10 
weeks from the date of order . 
Deep P iezome ters 
To monitor water pressures in the proximity of the mine,  piezometers 
will be placed in several borings tha t enc.ounter coal pillars .  These instruments 
will provide informat ion on exist ing cond it ions and will be used to monitor water 
near the mine for several years after completion of the backf illing proj ec t .  
Data from these ins tallat ions will contribu te to an understanding of why the coal 
mines in southwestern Illino is are for the most part dry . 
Mine Mapp ing and Sampling 
In spite of prel iminary results from borings , we hope access to the. 
abandoned mine workings wil l  be  developed by the contrac tor . Af ter the workings 
are ventilated and made sa f e ,  a team of Survey geologists will enter the mine . 
Experienced mining geologists wi ll map the mine in the same fashion that o ther 
I llinois mines are mapped . Selected samples will be collec ted to characterize 
mine f loor and roof rock.  Phys ical and mineralogical tests will be  performed on 
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samples collected . Both mapping and sampling are necessary to an understand ing 
of the mechanisms of failure involved in subs idenc e .  
Survey staff members are following the progress of  churn drill borings 
that are drilled as inj ection holes for the f illing operat ion. Boring informa­
tion will be used to verify the s tratigraphy and mine condit ions . 
Source Mater ial for Backfilling 
Samples from the O ' Fallon refuse bank will be collected to test other 
properties of the material related to the use of mater ial for f ill . Other poten­
tial sources of backf ill mater ial will be examined . Samples of  Mississippi River 
sediment , alumina wastes , and f ly ash have been collected , and these mater ials 
will be analyzed to determine their physical properties . 
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APPENDIX A 
SUMMARY DRILLING LOG 
Canterbury Manor , Belleville , Illinois 
(Borings listed in order drilled) 
7 7  
78 
Boring 
number Diameter 
Depth of 
bedrock* 
Loss of  
circulation 
Top of 
void 
Bottom 
void 
Size of 
void 
Total 
depth Cased? 
4 811 70 ' ±  1 3 2 ' & 1 3 7 ' 1 4 3 '  1 43� ' 6" 1 6 2 ' no 
s 
Sa 
4a 
3 
6 
1 1  
1 2  
7 
Not e :  Driller s tated from 1 4 3 ' 6' '- l S l ' material drilled very easy rather 
like coal or underclay . Drilled hard from l S l ' -1 6 2 ' . This would 
normally indicate either a pillar or an extensive heave area . 
8" 70 ' ±  14 2 ' none none 0 1 S2 ' no 
Note : Driller did not detect any void . He stated that after he lost 
circulation at 14 2 ' the material drilled like coal . No coal was 
recovered because of c irculation loss . Must assume a pillar was 
hit . 
8" 70 ' ±  1 44 ' 1 44 ' 1 I 611 1 48 ' yes 
Note : Borings Sa and 4a were required because it was determined that 
borings 4 and S were not centered properly in relation to the 
underground mine map . Therefore , it was necessary to redrill 
these holes lS feet eas t of  the originally designated locations . 
8" 70 ' ±  1 4 2 ' 1 4 2� ' ±  1 4 3 ' 6" 1 S2 '  no 
Note : See Note for Well Sa .  Exact measurements of dep th are dif ficult 
and may vary 1 to 1� feet . 
8" 6S ' ±  144 ' 1 44 ' 148 ' 4 '  1 S 2 '  yes ? 
Note : This boring is the first  good void found . Roof at this location 
appears to be in very good condition . 
6" 6S ' ±  1 4S ' 14S ' 1 46� ' 1� ' 1 S 2 ' yes 
Note : Driller stated that from 1 46� to 1 48� feet material drilled as 
though it were roof fall debris . 
6" 6S ' ±  3" 1 S 2 ' no 
Note : Cannot be determined whe ther or not this void actually exists . 
6" 6S ' ±  1 4S ' 14S ' l S l ' 6 '  1 S2 '  yes 
Note : This boring was drilled adj acent to JMA # 1  diamond drill boring . 
6" 
There is a difference in the depth the void was reached comparing 
# 1 2  to JMA # 1 , but this may be measurement error . Number 1 2  was 
originally des ignated as an 8" boring but was drilled as a 6" boring . 
6S ' ±  1 4 6 ' none none 0 1 S2 '  no 
Note : Pillar was hit , although no coal cut t ings were recovered because 
of the loss of circulation . The driller states that 146  to 1 S 2 ' 
drilled like coal or underclay . 
Boring 
number 
8 
20 
19 
19a 
18 
3 1  
28 
7 9  
Los s  of  Top of  Depth of  
Diamet er bedrock* circulation void 
Bottom 
void 
Size of  
void 
Total 
depth Cased? 
6" 65 ' ±  1 44 ' 6" 1 44 ' 6" 1 49 ' 4�-5 ' 1 5 2 ' yes 
Note : S ize of void is not certain . The driller stated that he broke 
6" 
into the mine at 144 ' 6" and his drill dropped 3 feet before hitting 
resis tanc e .  He then drilled only another inch when the drill  
dropped about 1 foot . He again dri lled about 1 inch and the drill 
dropped 6" . 
60 ' ±  1 45 ' 145 ' 1 45 ' 6" 6" 1 4 7 ' no 
Note : The driller encountered a 6 "  void at 1 45 ' , and continued to drill 
at 1 45 ' 6" in a very hard mat erial unlike anything encountered in 
any of  the other borings . Drilling continued to 1 47 ' .  
6" 60 ' ±  no none none 0 152 ' no 
Note : Water c irculation was never lost and coal was recovered in the 
catch sieve from a depth of 1 44 ' ±  to 1 50 ' . 
6" 65 ' ±  no none none 0 1 50 '  no 
Note : A coal pillar was encountered . 
6" 
Note : 
6" 
65 ' ±  143 ' 146 ' 149 ' 6"± 3�-4 ' 1 5 1 ' yes 
Water was lost at 143 ' and was later regained . 
though a fracture of  about 3"± was encountered . 
above and below the fracture was limestone . 
62 ' ±  148 ' 148 ' 1 48 ' 6" 6 "  
I t  appears as 
The rock both 
1 60 ' no 
Note : The driller s tated that he noticed two small voids . The f irst 
void was at 148 ' with a second void about a foot deeper . Both 
of these voids measured only a few inches .  The driller said the 
material between the void drilled like limestone . The material 
below the deepest void drilled more like rubble than like under­
c lay or coal . 1 58- 1 60 drilled as though it were fairly har d . 
6" 
It should be noted that this well had voids that were several 
feet deeper than any of the other wells . The reason cannot be 
determined at this t ime . 
70 ' ±  1 49 ' 149 ' 1 50 ' 6" 1 4" 152 ' no 
Note : The driller s tated that after breaking into the mine he encountered 
an 8 '  void ; he then drilled several more inches and encountered 
a second 6" void . This has been typical of many of  the voids in 
this proj ect . The reason for these multiple voids is uncertain . 
Boring 
number 
27 
29 
26 
25 
24 
24a 
1 7  
1 6  
80 
Depth of Loss of Top of Bot tom Size of  Total 
Diameter bedrock* circulation void void void depth Cased? 
6" 58 ' ±  1 48 ' 148 ' 149 ' 1 '  1 5 2 ' no 
Note : Driller noted that from 1 49-152  drilled as though it were rubble . 
6" 68 ' ±  1 4 7 ' 1 4 7 ' 1 49 ' 6" + 6" 1 5 2 ' no 
Note : Driller encountered two 6" voids , one at 147 ' - 1 4 7 ' 6" ,  separated 
6" 
by one foot of hard drilling 147 ' 6"-148 ' 6" ,  and second from 148 ' 6"-
1 49 ' . 
8 1 ' ±  none none 0 1 6 2 ' no 
Note : The driller s tated that he hit a coal pillar at 1 48 ' , and that 
6" 
the seam las ted to a depth of 1 58 ' . This would make a 1 0 '  seam , 
which is unlikely . It  would appear that perhaps he mistook the 
first several feet of the black Anna Shale for coal . If this 
were the case the coal seam would actually be only 6-7 ' thick 
which would be more realis tic . Other drilling logs record the 
Anna Shale as 2-3 feet in thickness in this area . Underclay was 
drilled from 1 5 8- 1 60 '  with a harder material drilled from 1 60-1 62 ' .  
80 ' ±  0 1 52 '  no 
Note : A coal pillar was hit here which is not too surprising considering 
that JMA #3 diamond core hole was only f ive feet north of well #25 . 
Coal was hit at 1 48 ' . 
6" 5 7 ' ±  0 1 60 ' no 
Note : Coal was hit at 1 4 7 ' according to the driller and the seam was 
6" 
1 0 '  thick to a depth of 1 5 7 ' . This situation of a 1 0 '  coal seam 
is probably s imilar to well #26 . Underclay was drilled from 1 5 7 ' -
1 60 ' . 
5 7 ' ±  0 1 52 ' no 
Note : This well was drilled 1 0 '  north of well #24 . I t  was intended to 
f ind a void that according t o  the mine map should have been en­
countered by wells #25  and 24 . C9al was hit at 1 45 ' -150 ' , then 
underclay from 1 50- 1 5 2 ' .  
6" 44 ' ±  1 28 '  1 2 8 '  1 28 ' 6" 6" 1 30 '  no 
Note : This well never success fully reached coal mine . The driller pulled 
out of  the well after hitting a 6" void at 1 28 ' .  He stated that 
after drilling to 1 3 0 ' , the limestone he was drilling in was closing 
in on the bit . The supervisor j udged that the well should be 
abandoned rather than risking loss of  the bit . 
6" 75 ' ±  145 ' 1 4 5 ' 
Note : Typical of most of  the other wells . 
1 46 ' 1 '  1 5 1 ' no 
Boring 
number 
1 5  
3 7  
35 
34 
70 
33  
9 
32 
38 
81 
Depth of Loss of  Top of Bottom Size of  Total 
D iameter bedrock* circulation void void void depth Cased? 
6" 75 ' ±  142 ' 142 ' 1 4 3 '  1 I 149 ' no 
Note : This well i s  located in one of  the main entries . 
6" 6 1 ' ±  no 0 1 5 4 ' no 
Note : Coal pillar was hit at about 142 ' - 1 52 ' . This s ituation is probably 
s imilar to wells lf26 and 24 . Coal is probably at approximately 
145  I ,  Under c lay was drilled 1 5 2-154 ' .  A sample of  the underclay 
was taken . 
6" 60 ' ±  155 ' 0 155 ' no 
Note : Coal pillar was hit here at 144 ' to 149 I •  Water was lost in the 
underclay and bottom shale at 155 I ,  
6" 62 ' ± 144 ' 144 ' 149 '  5 ' 0" 152 ' 
Not e :  A good void was encountered here . Depth 149-152 was underclay 
material . 
6" 70 ' ±  no 0 152 ' 
Note : Coal pillar at 143 ' -148 ' .  Underclay 148 ' -150 ' . Shaly lime 150 ' -
152 I •  
6" 65 ' ±  148 ' 148 ' 148 ' 6" 6" 155 ' 
Note :  148 ' -155 '  according to the driller was broken coal and clay . 
This is difficult to confirm because o f  the loss of  water . 
6" 6 6 1 ± 133 ' 153 ' 
no 
no 
Not e : This hole was s imilar to #17  because water was lost and not re­
gained at about 130 ' , but this hole was successfully completed . 
Coal was hit at 144-148 ' ,  underclay 148-151 ' ,  151-153 '  limey shale . 
6" 64 ' 147 ' 147 '  14 7 ' 6" 6" 156 ' no 
Note : The driller s tated that after losing water in a 6" void , he drilled 
coal from ·147 ' 6"-15 3 . This is imposs ible to document because . of 
the loss of  water . This is possible if the pillar that was drilled 
was fractured , but the 61 1  void above the pillar is hard to explain . 
6" 6 7 ' ±  143 ' 143 ' 143 ' 6" 6" 153 ' no 
Note : This hole was s imilar to # 32 , because it had a 6" void and coal 
was drilled after the void . Coal from 143 ' 6"-151 ' and underclay 
151-153 ' .  This is a new hole on Sheridan , South of  Stevens . 
82 
Boring 
number Diameter 
Depth of  
bedrock* 
Loss of  
circulation 
Top of 
void 
Bottom 
void 
Size of  
void 
Total 
depth Cased? 
36 
39 
30 
13 
22 
14 
21  
40 
6" 66 ' ±  140 ' 140 ' 140 1 6 1 1  6" 15 7 '  no 
Note :  This hole is similar to 11 32 and 38 coal drilled immediately after 
a 611 void . Again no coal cuttings were recovered because of the 
loss of water . 
6" 68 ' ± 143 ' 143 ' 143 1 6 11 6" 155 ' no 
Note : Same as. 32 , 38 , and 36 . About 15 ' south of  1138 . 
6" 60 ' ± no 163 ' no 
Note : Driller stated that he drilled coal from 14 7-160 , and underclay 
from 160-163 .  This thickness of coal is very doubtful , but the 
Anna Shale could have easily been mistaken for coal by the driller . 
It  both looks and drills similar to coal . 
8" 68 ' ±  146 ' 157 ' 
Note : Water loss was at top of coal but no void was noticed . Coal 
146-155 , very thick , could also have been some Anna Shale or 
underclays . Underclay 155-157 . 
6" 64 ' ±  149 ' 149 ' 150 ' l i  158 ' 
no 
no 
Note : This hole was drilled by a different driller and rig . He stated 
he drilled shale from 150-156 ,  and underclay 156-15 8 .  I t  would 
seem to be safe to assume that the shale was actually coal . 
6" 69 ' ±  14 3 . 5 '  143 . 5 '  145 ' 1 . 6 '  159 ' no 
Note : Although the void was estimated as 1 1 6 11 tt was not cased because 
of · the nature of the vo id . It did not ?Ppear to be a continuous 
void . Coal was drilled 145-152 and underclay and .shale from 152-
159 . 
6" 63 ' ±  148 ' ( 148) -15 3 (150) -154 (l ' ) -1 '  161 ' no 
Note : This well was very unusual and difficult to interpret .  The 
driller stated that two voids were encountered . The first from 
148-149 , th_en coal or shale drilled from 150-15 3 .  After 15 3 ,  a 
second void was reached . from 15 3-154 and more coal or shale from 
154-159 . Fireclay 159-161 . 
6" 70 ' ±  146 '  146 ' 147 '  l '  153 '  no 
Note : Well 1140 is a new well driiled south of  /120 approx . on of  NW 
corner of  Stevens and Sherborne . The driller stated that a crack 
of broken material was hit at 146-147 '  and not a true void . 
Broken coal drilled 147-151 .  Underclay drilled 151-15 3 .  
Boring 
number 
23 
42 
44 
41 
43  
45  
4 7  
4 8  
83  
Depth of  Los s  of  Top of  Bottom Size of  Total 
Diameter bedrock* circulation void void void depth Cased ? 
6" 78 ' ±  145 ' 145 ' 145 ' 6" 6" 154 ' no 
Note : This well is similar to wells #32 , 38 , 36 , and 39 . Coal drilled 
145 . 5-15 2 .  Underclay 152-154 . 
6" 74 ' ± 144 ' 144 ' 144 ' 6" 6" 153 ' no 
Note : Well #42 is located approximately halfway between Wells 24 and 
2 3 .  Coal was drilled from 144 . 5-151 ' .  Underclay 151-15 3 ' .  
S imilar to # 32 , 38 • 
6" 70 ' ±  130 ' 154 ' no 
Note : This well was drilled j ust  south o f  #17 , which was not success­
fully completed . #44 los t water at about the same depth,  but 
was completed . A crack with no significant void was encountered 
at 14 7 .  Underclay drilled 152-154 ' .  
6" 5 8 '  148 ' None 159 ' no 
Note : Coal was drilled 148-15 7 ;  probably some Anna Shale mixed with 
this . Underclay 15 7-159 . Water lost at 148 , but there was no 
void noticed by driller . Well # 4 1 ,  but there was no void 
noticed by driller . Well #41 is located about 150 ' south of  #18 
on the East s ide of  Sherborne . 
6" 7 4 ' ±  145 ' None 155 ' no 
Note : A crack with no not iceable void was encountered at 145 ' , some 
type of  broken material was drilled from 145-153 ,  perhaps coal . 
Underclay 153-15 5 ' .  
6" 74 ' ±  145 ' 6" 145 ' 6" 146 ' 6" 153  no 
Note : Water was los t but regained on this well, coal drilled 144-145 ' 6" ,  
and again after the 6" void , from 146-149 ' .  Underclay 149-150 , 
Shale 150-1 5 3 .  #45 is located across the street from Well  #16 . 
143 ' 6" 143 ' 6" 147 ' 6" 4 '  yes 
Note : A four foot void was encountered here but it  was not a clean void . 
6" 
There were ob structions , but the void was good enough to be cased . 
Well #47  is located on the NW corner of  Whitlow and Stevens . 
74 ' no none 155 no 
Note : No void was encountered , only a solid pillar . #48 is located on 
the south side of Stevens , j ust SSE of well  #14 . A pillar was 
encountered at 150-154 ' and underclay from 154-156 ' .  This is a 
rather thin coal layer but it is poss ible . 
Boring 
number 
49 
50 
51 
52 
84 
Depth of  
Diameter bedrock* 
Loss of  
circulation 
Top of 
void 
Bo ttom 
void 
Size of  
void 
Total 
depth Cased? 
6" 74 ' no none 155 no 
Note : Well /149 is located about 20 ' ± wes t of Well /115 . A ten-foot coal 
pillar was hit at 14 3-15 3 ' and underclay from 153-155 ' .  Water 
was not lost . 
6" 74 ' 144 ' 144 ' 148 ' 6" 4 ' 6" 154 yes 
Note : This well is on the south side of Stevens j ust opposite well /112 . 
6" 
This void was similar to the void found at #12 . The dri ller claims 
shale was drilled 148 ' 6"015 2 , and underclay from 15 2-154 . This 
shale above the underclay is hard to explain unless it  is a roof 
fall . 
74 ' 144 ' 6" none 154 no 
Note : This well is located on the south side of Stevens opposite Well 
/113 . Water was lost and then regained on this well . Coal was 
drilled from 145 ' 6"-152 ' and underclay 152-154 ' .  
6" 7 3 ' no none 153 no 
Note : No void was encountered . Coal was drilled 143-147 , shale 147-
151 , and underc lay 151-15 3 .  This sequence is hard to explain . 
46 6" 
Note : rhis well is located on the west  side of Sherborne hal fway between 
Wells /121 and 22 . 
APPENDIX B 
Report of  Coal and Grain Size Analyses of  Samples 
from S t . Ellen , Koenig , and O ' Fallon Refuse Banks 
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Grain-size distribution of  refuse a 
Gravel Sand 
1 3/4  1/2  3/8  #4  #12 1118 1135 1160 
( 2 . 54 (19 . 1  (12 . 7  ( 9 . 52 ( 4 . 75  (1 . 68 ( 1 . 00 (0 . 50 ( 0 . 25  
Refuse Bank nnn) nnn) nnn) nnn) nnn) nun) nnn) mm) mm) 
S t .  Ellen 
Bag 1 2 . 1  1 . 2  2 . 4  9 . 4  1 3 . 8 5 . 0  9 . 7  18 . 7  17 . 5  
Bag 2 18 . 4  9 . 4  12 . 3  8 . 6  16 . 2  12 . 7  5 . 3  5 . 1  3 . 5  
Bag 3 3 . 1  3 . 8 7 . 4  8 . 8  35 . 0  16 . 6  7 . 8  6 . 5  4 . 3  
Koenig 
Bag 1 0 . 7 1 . 6  2 . 9  4 . 3  13 . 2  19 . 5  12 . 7  14 . 6  11 . 9  
Bag 2 0 . 4  0 . 9  4 . 2  7 . 1  15 . 8  29 . 9  15 . 4  1 3 . 0 6 . 9  
Bag 3 0 . 0  1 . 4  3 . 3 4 . 6  19 . 1  21 . 2  12 . 3  12 . 5  10 . 0  
Bag 4 1 .  8 3 . 4  5 . 8  7 . 4  20 . 8  21 . 9  11 . 8  10 . 8  7 . 2  
--
aPercentage frequency by lower size limi t or  by U . S .  S tandard S ieve Number 
/1120 /f230  
( 0 . 125 ( 0 . 062 
mm) mm) 
9 . 8  4 . 1  
2 . 0  1 .  2 
3 . 0  1 .  3 
7 . 9  4 . 3  
3 . 1  1 .  3 
5 . 7  3 . 1  
4 . 1  2 . 0  
S ilt 
( 0 . 004 
mm) 
5 . 7 
5 . 2  
2 . 2  
5 . 7  
1 . 4  
5 . 7 
2 . 2  
Clay 
(<0 . 004 
mm) 
0 . 6  
0 . 1  
0 . 2  
0 . 7  
0 . 6 
1 . 1  
0 . 8  
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APPENDIX D 
Water Level Measurements in 
Proj ect Area Piezometers 
1 7 6  
Appendix D 1975 Water Level Measurements ( inches) 1 7 7  
Piezometer Vz 1 6/zs 7li 7/s /la 1110 1;;_4 7li1 %1 11z4 1"2 a  
MVlA 92 90 91  92  92 92 92  92  95  96  98  
MVlB 90 92 96  100 75 80 86 92  96  100 106 
MV2 154 155 161 165 159 161 163 168 171  174 179 
MV3 12 59 60 60 3 4 6 6 3 3 5 
MV4 69 69 64 6 7  51 55 56  62  62  65 62 
MV5 90 90 90 91  90  90 90  90 90 90 91 
MV6 
MV7 
MV8 
MV9 
MVlO 
BVl 
BV2 
BV3 
CMl 
CM2 
CM3 
CM4 
CMS 
178 
Piezometer 
8/i �4 8h2 Yi4 �1 Vz6 8h9 9/z %2 ·  %s lOh 
MVlA 101 103 106 109 113 116 117 120 125 130 135 
MVlB 110 111 118 120 125 105 116 116 120 129 132 
MV2 184 186 195 198 206 209 211 2 16 219 2 2 3  
MV3 6 7 10 11 13 2 2 3 6 4 6 
MV4 62  64  80 82 85 69 7 2  7 1  74  78  82 
MVS 92  92  9 6  9 6  100 100 101 100 102 103 104 
MV6 
MV7 
MV8 
MV9 
MVlO 
BVl 
BV2 
BV3 
CMl 
CM2 
CM3 
CM4 
CMS 
--- -
1 7 9  
Piezometer 
10� 
17  
10/ 
24 
10/ 
31 
11; 
21 
12/s 12/i 
12 
MVlA 135 137  134 141 
MVlB 136 138 138 142 132 
MV2 228 228 234 210 201 200 
MV3 15 15 18 2 3  3 6 
MV4 87 90 88 88 7 7  79 
MVS 108 108 111 114 114 116 
MV6 
MV7 
MV8 
MV9 
MVlO 
BVl 
BV2 
BV3 
CMl 
CM2 
CM3 
CM4 
CMS 
mo 
Piezometer 
12; ..._ 19 75 1� 
30 197() -- 12 
11i9 3/s 6/z4 7/9 71i9 1Ao 8ho 8/i9 
MVlA 141 141 139 140 111 116 120 122 128 131 
MVlB 118 127 12 7 114 111 132 140 137 139 
MV2 196 192 192 192 205 2 34 234 2 34 2 34 234 
MV3 4 3 7 2 2 3 24  30  7 4 
MV4 68 77 78 76 80 9 3  100 102 99 100 
MVS 116 115 115 112 108 102 114 115 118 120 
MV6 
MV7 
MV8 
MV9 
MVlO 
BVl 
BV2 
BV3 
CMl 
CM2 
CM3 
CM4 
CMS 
Piezometer 
8;S
o 
9/z
4 
1°/s 10� 27  
MVlA 133 140 141 135 
MVlB 141 149 152 132 
MV2 234 234 234 234 
MV3 9 6 8 3 
MV4 103 104 107 96  
MVS 122 129 132 129 
MV6 
MV7 
MV8 
MV9 
MVlO 
BVl 
BV2 
BV3 
CMl 
CM2 
CM3 
CM4 
CMS 
11� 
19 
140 
135 
234 
10 
91 
137 
12; ..- 19 76 21i 
28  197 7 - 18 
140 140 
134 116 
234 2 34 
18 3 
84 70 
132 129 
181 
� � 29 s/i3 
132 92 92 
92 86 84 
222 201 197 
8 6 6 
54  60  62  
122 94  95  
182 
Piezometer 
8/i
o 
8/29 9 ho 9ho lOh 10� 14 
MVlA 136 136 137 137 138 107 
MVlB 113 111 112 117 117 104 
MV2 234 234 234 
MV3 1 4 0 6 10 38 
MV4 83 72 71 74 74 64 
MVS 116 116 116 115 114 114 
MV6 541 554 549 547 545 
MV7 156 146 142 146 149 129 
MV8 0 10 20 26 28 
MV9 205 205 203 2 04 208 196 
MVlO 168 162 163 166 169 154 
BVl 215 219 221 222  219 
BV2 112 111 7 11 2 
BV3 185 180 186 182 185 169 
CMl 118 118 111 
CM2 9 7  8 8  9 4  81 75 
CM3 164 155 147 148 124 
CM4 192 194 192 192 175 
CMS 366 341 327  324  313 
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Piezometer 
10� 
21 
l� 
28 
1/4 11� 11 111i 18 1/1 121 21 12�-28 19 7 7  1 ;{, 1978 -+- 6 
MVlA 12 3 105 107 111 109 96 52 5 9  6 2  
MVlB 110 89 94 102 91 64 53 62  68 
MV2 234 234 233 233  233 225  208 206 204 
MV3 39 44 46 48 49 54 55 57 59 
MV4 6 7  52  59 66 56 41 51 5 7  6 0  
MV5 112 110 109 107 107 101 90 90 90 
MV6 542 540 536 540 532 528 520 515 511 
MV7 137  115 120 125 118 102 83 93 100 
MV8 31 34 39 38 4 7  5 3  6 5  69 
MV9 198 182 185 188 182 165 152 157 160 
MVlO 158 140 141 143 142 117 79 9 2  100 
BVl 215 214 208 201 193 142 140 
BV2 7 11 1 6 10 4 6 10 
BV3 182 160 155 163 160 
CMl 112 106 105 103 106 85 86 88 
CM2 7 8  69 6 7  7 4  6 9  67 71 74 
CM3 130 104 104 106 102 76 82 88 
CM4 175 166 163 164 163 170 154 158 
CMS 317 313 301 294 294 261 259 254 
184 
Piezometer 
2
1z 
2ho 21z4 3ho Y11 3ho 3Ao 4� %1 4/ 21 4h8 
MVlA 7 7  8 1  8 5  87 35 26 32 36 43 4 7  
MVlB 87 89 92  72  39  38 52 55 5 7  6 1  
MV2 208 201 201 195 172 154 156 157 158 156 
MV3 0 0 0 5 5 
MV4 66 69 69 54 46 46 5 2  5 3  5 4  5 6  
MV5 90 92  9 2  8 7  81 89 93 81 81 
MV6 503 501 498 492 492 486 480 480 4 7 3  4 7 0  
MV 7  120 126 131 109 68 64 7 9  84 90 96 
MV8 5 10 0 0 7 
MV9 176 179 182 165 130 120 134 140 149 133 
MVlO 126 129 135 112 46 48 79 87 96 102 
BVl 8 11 13 18 0 
BV2 0 0 0 0 0 0 
BV3 
CMl 94 96 98 97 95 91 90 90 92 95 
CM2 7 6  75 61 62  65  7 1  71 74 75 
CM3 103 66 60 62  75 78 89 98 
CM4 169 171 174 156 147 141 172 151 155 160 
CMS 240 239 233  241 239 241 241 
185 
P iezometer 15 s/i2 5/i8 
MVlA 50 52  50  
MVlB 62 4 7  52  
MV2 158 135 138 
MV3 6 0 0 
MV4 5 7  4 7  51 
MVS 81 84 81 
MV6 469 470 471  
MV7 9 7  85 82 
MV8 14 18 20 
MV9 152 144 140 
MVlO 107 87 82 
BVl 0 0 0 
BV2 0 0 0 
BV3 
CMl 96 96 99 
CM2 72  69 74 
CM3 99 96 91 
CM4 161 161 162 
CMS 243 240 240 
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Appendix E 
(To be recorded by Survey Personnel) 
' file number 
ILLINOIS GEOLOGICAL SURVEY 
DATA REPORT FOR SUBSIDENCE AND SETTLEMENT CASES 
address city county 
Resident ' s  Background 
1 .  How long have you lived at this address ?  -------------------� 
2 .  How long have you lived in (Belleville-Maryville) ? ---------------
3 .  Where did you live before moving here? --------------------� 
4 .  What do you consider t o  b e  your home area? ----------------�
Home Background 
5 .  Do you own your home or rent?  ----------
6 .  Are you the original resident o f  this house?  -----------
7 .  Did you have the home built or did you buy the home already constructed? ------
8 .  Do you know the name of  the builder who constructed the house ?  ------------
9 .  When was house built ? ----------
Type of  S tructure 
1 0 .  Commercial --------
store , church 
Dwelling '------------------
apartment _________ _ 
home -------------
ranch ----------
split level 
frame 
---------
brick ------------
0th er 
1 1 .  What type o f  foundat ion? slab ---------
crawl space ____ _ 
spread footing ___ _ 
basement -------
poured _______ _ 
block ---------
1 2 .  Do you have an exposed walk-in basement ?����������� 
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1 3 .  Does the house now have o r  did i t  ever have a septic tank system? �������� 
If converted , when? ������������-
1 4 .  In what manner do you handle your rain runoff  from your roo f ?  ie . roof 
guttering to subsurface tile to street guttering to lawn . 
15 . Are you aware of  whether or not the contractor or subdivider graded the lot to 
make a place for the home ? ����������� 
1 6 .  Have you had any wetness problem in your basement?  
Structural Indicators 
����������-
1 7 .  Do you now or have you ever had any prob lems in opening 
1 8 .  Have you had any cracking or sinking develop in your lawn?����������� 
1 9 .  Have you ever had any cracking , or displacement o f  
yes , no location 
2 0 .  Have you ever noticed any buckling , twisting , o r  displacement of  
2 1 .  Have you ever had any cracking , displacement , o r  crushing o f  
22 . Have you not iced any gaps between your outer foundation and the ground ? 
lM 
������ 
2 3 .  Did the development of any of  these changes coincide with : season ��������-
heavy rains long dry period ���� ���� earthquake ���� 
other ������������������������������������� 
24 . Have you or the previous owner made any structural repairs ? ������������-
26 . Were the repairs successful? �����-
2 7 .  Are you satisfied with the physical condition of  your home?��� 
I f  you are dissatisf ied what do you plan to do?���������--�������-
190 
Awareness 
28 . Have you ever heard of any buildings in the local area having problems similar 
29 . Do you have any opinions of  your �own as to what the problem may be?  --------
30.  Do  you know whether or  not your home is built over a mined out area? ______ _ 
3 1 .  Are you aware of  any government program that would help people that are having 
problems possibly due to these mine s ?  ----------------------�
32 . Are you aware of the U . S .  Bureau of  Mines proj ect to backfill the mined out 
areas?  --------------------�
3 3 .  Have you ever talked to any government agency o r  private firm about the problems 
we have discussed ? -----------:-----------� 
who /date 
who/date 
34 . What were their reconnnendations?  --------------------------
Description of Individual Cracks 
Location --------------------------------,-----------
(example wes t  wall - center of basement) 
Date noticed ---------- Largest opening date -------
width 
length ------
disp lacement -------
pushed together 
pulled apart 
twisted 
closed 
getting b igger 
not moving 
o ther 
Propat ion of  crack 
started advanced to direct ion �����- -����� �����-
date date 
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Use this space to make sketches of  cracks or to describe add itional problems . 
(Use reverse side) 
Observations 
Age Sex ___ _ 
Location : !z; !z; !z; --- --- ---
192 
from (N or S )  line , from (E or W) line ---- ---- ---------
Building site : on a hill , on a rise , level ground , ----- -----
on a slope , on a clif f ,  in a valley , ---- ----- -----
other . ----------------------------
Direct ion of  Slope % of slope ----------- --------
1 s the area serviced by storm sewers ?  -----
Orientation of  building to s tree t and north arrow . (direction of drainage) · 
,1 
